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‘PUBLISHED MONTHLY BY THE AMERICAN 


CHEMICAL ENGINEERS 


INSTITUTE 


OF 


how to eliminate worry and 


big expense in gasholder operation 


Does winter = mean sending crews KEE to the top of 


your gasholder ie . ® to chop it free? Or filling a huge reservoir with expensive 


= 
anti-freeze? [es Does summer mean constant replacement of water att 


or other sealant? With a Wiggins Gasholder none of these expenses is necessary! 


Wiggins Gasholder 


. because of the absolutely dry, frictionless seal ~ which is inert to 


gas action—and cannot evaporate, freeze or blow out. This seal principle has proved itself 


in 15 years’ service in the field. Safe storage at pressures up to 20” of water 


What's more, you can convert your present gasholders to many of the patented Wiggins 


advantages: safety economy Coe , and LES simplicity. 


GENERAL AMERICAN TRANSPORTATION CORPORATION 


135 South LaSalle Street, Chicago 90, Illinois 

District Offices: Buffalo * Cleveland * Dallos * Houston * Los Angeles * New Orleans 

New York * Pittsburgh * St. Lovis * Son Francisco * Seottle * Tulsa * Washington 
Export Dept, 10 East 49th Street, New York 17, New York TRADE 
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NEW, LOW RANGES 
FOR MAGNABOND 
FLOW METERS 


FLOWwRATOR 
with MAGNABOND 


The widely used MAGNA- 
BOND meter is now avail- 
able in sizes to cover 
new, low flow rates. Es- 
pecially suitable for pilot 
plant and semi-work oper- 
ations, these low ranges 
can be indicated, re- 
corded, and/or controlled 
accurately with un- 
equalled economy. 


RANGE OF CAPACITIES 


Smallest MAGNABOND meter 
MAXIMUM MINIMUM 


*0.33 gpm 0.033 gpm 
**1.40 scfm 0.140 scfm 


Largest MAGNABOND meter 
MAXIMUM MINIMUM 


*5500 gpm 500 gpm 
**15000 scfm 1500 scfm 


* In terms of water equivalent 
** in terms of air equivalent (14.7 psie and 70° F.) 


FRICTIONLESS COUPLING 
A patented double-acting magnetic 
transmission of float position in metering 
tube to an external follower provides a 
safe, positive coupling which eliminates 
the possibility of separation of float and 
follower no matter how fost or how often 
flow rates ch 


WRITE FOR 
CATALOG 50 


FISCHER & PORTER CO. 
Dept. 1L-7H 


HATBORO, PENNSYLVANIA, U. A. 
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a. GAS COMPRESSORS—WORK OF ISENTROPIC COMPRESSION 
fe STEADY-STATE TRANSFER PROBLEMS—GRAPHICAL SOLUTIONS 
WHITE SULPHUR SPRINGS 18) 
= 


EARS first 
the first! 


Original installation cor in 
on piling over * station. 


Lake Maracaibo, Venezuela. 


A Venezuelan oil producer ordered 

it, in 1932. The original heavy duty, 

balanced-opposed, motor-driven com- 

pressor. A noteworthy Clark first! 

And like 15 similar units added sub- , 

sequently, it has delivered contin- outa 4 cyl. bal 

uous, vibration-free service over the 1500 

years. mnishing chiga® 
In 1946 came a second major 

Clark development . . . a new line 

embodying components of the 

famous angle type compressor. Two, 

four and six-cylinder models in 8”, 

14” and 17” stroke sizes broadened 

the range to cover 150 to 4500 BHP. 


Today, Clark remains the pioneer, 
with continuing improvements in de- 7 
sign and performance. Data and “oppored 
illustrated catalog from your nearest sot handing plant. 
Clark representative. iii g won 


SEE the difference in 


MIDGET ANGLE © RIGHT ANGLE BIG ANGLE 
ELECTRIC-DRIVEN © CENTRIFUGAL 


balanced/opposed ci ark BROS. CO., INC. 


One Of The Dresser Industries 
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CELANESE 


PRODUCTION OF 


BUTYLENE GLYCOL 


@ Available in commercial quantities @ Low toxicity 
@ High boiling solvent and coupling agent @ Good humectant 


Celanese* 1,3 Butylene Glycol, a high boiling solvent and coupling agent, is interesting as 

a humectant, solvent, and lubricant in the textile, paper, ink and hydraulic fluid fields. Its low toxicity 
and hygroscopicity suggests its application in the tobacco, cosmetic and pharmaceutical industries. 

It is a versatile intermediate for surface active agents, rosin esters and allows production of 
polyester plasticizers with high dielectric constants for use in electrical insulation compounding. 


PROPERTIES 


2,3 BUTYLENE GLYCOL 


Drum quantities of 2,3 Butylene Gly- 

. col of high purity ore now available. 

Vissosity in eps ot 35 c The adjacent hydroxy! groups of this 
Vapor Pressure 20°C in mm Hg. glycol make it interesting as a chemi- 


Investigate Butylene Glycols by writing for Celanese Bulletins. 
Celanese Corporation of America, Chemical Division, Dept. 507-B, 
180 Madison Avenue, New York 16. 


EMICALS *Reg. U.S. Pot. OF. 


ACIDS - ALCOHOLS - ALDEHYDES + GLYCOLS - KETONES ~- PLASTICIZERS - SOLVENTS 
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a new and proven tool in metallic and 
non-metallic minerals and chemical processing 


the DorrClone is a compact cylin- 


dro-conical classification unit util- 
izing centrifugal force in place of 
gravity. It provides a new method 


of separating finely divided solids 


PRESENT AVAILABILITY 


DorrClones are now available 
singly or in multiple arrange- 
ments in four standard sizes: 3”, 


6”, 12” and 24” diameters. 


in liquid suspensions and consti- APPLIC 
ICATIONS 
Standard units are now limited to 
separations in the 20 micron to 
100 mesh range but present stud- 
ies indicate broader applications 
in the future. Typical commercial 


tutes an important new tool with 
which to supplement current estab- 


lished practices. 


SEARCH AND DEVELOPMENT 

velopment of the DorrClone (DSM 
clone) was begun in 1939 by the 
State Mines in The Nether- 


ds, where a continuing research and 


applications proven to date are: 


Degritting of viscous suspensions such 
as milk of lime and clay slurries. 


tch 


‘elopment program has been carried on Desliming of metallurgical pulps, phosphate 
rock, coal, iron ore and tailings for mine 
backfill, with the production of extremely dense 


underflows where such are desired. 


ce that time. The Dorr Company, as exclu- = 


e licensee under the Dutch State Mines patent 
hits in all fields other than that of heavy media 
aration, has been actively engaged since 1948 Classification of crystalline and other granular 


development work relating to design variables suspensions. 


PATENTS 


The DorrClone is covered by patents issued and 
pending in the United States and other countries. 


cting performance, materials of construction 
possible fields of commercial use. The result 
this program is a carefully engineered unit, 
ble of controlled and predictable operation. 


Farther information 


specific problems and applications and are prepared to un- 


+ We welcome inquiries on 


dertake engineering investigations within the scope of our THE DORR COMPANY, ENGINEERS 
BARRY PLACE, STAMFORD, CONN. 
NEW YORK © ATLANTA ® TORONTO 
CHICAGO © DENVER © LOS ANGELES 
RESEARCH AND TESTING LABORATORIES 
WESTPORT, CONN. 
PROCESSING 
PETREE & DORR DIVISION, STAMFORD, CONN. 
ASSOCIATES AND REPRESENTATIVES 

Dorr Technica! Services and Equipment Are Also 

Available Through Associcted Companies and Rep- 

in the Principal Cities of the World. 

Names and 


present knowledge and experience. 


*DorrClone is a Trademark of The Dorr Company 


| | 
RESEARCH ENGINEERING EQUIP NT 


Addresses on Request. 
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NATURAL GAS 
BECOMES 
FERTILIZER 
THROUGH BaW 
STEEL TUBING 


At a huge mid-west petrochemical 

plant, B&W seamless and welded tubing 

in six different carbon, alloy, and stainless 
analyses help process natural gas into 
such valuable commercial products as 
ammonia, ammonium nitrate, methyl al- 
cohol, and dry ice. Operations involve 
temperatures to 1800F and pressures to 
5500 psi. This modern installation is a 
striking example of how B&W Seamless 
and Welded Tubes completely cover the 
wide variety of requirements for chemi- 
cal and petroleum processing. 


32 


TA-1576-S 


THE BABCOCK & WILCOX TUBE COMPANY _— General Offices: Beaver Falls, Po. Plants: Alliance, Ohie, and Beaver Falls, Pa. 


Soles Offices: Alliance, Ohio * Beaver Falls, Po. * Boston 16, Moss. * Chicago 3, Ill. * Clevelond 14, Ohio * Detroit 26, Mich. * Houston 2, Texas * Los Angeles 15, 
Collf. * New York 16,N. © Philedeiphic 2, Po. * St. Lovis 1, Mo. * Son Francisco 3, Colif. * Syrocuse 2, N. ¥. * Toronto, Onterie * Tulse 3, Okle. 
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is available through ‘J | 
Pas ined in cost- 
tube-technics” . . . 
cities. 


“Buying 
insulation is 
like buying 
a suit of 
clothes: 


—the better the materials; ~* 
the more expert the 
tailoring, the better 

your investment” 


Son as no one cloth can be used for every suit 
of clothes, there is no one raw material that can 
serve as the ideal insulator for every industrial 
insulation job. 

For this reason, Johns-Manville manufactures 
a wide variety of industrial insulations—of 
asbestos and other raw materials—each of which 
is designed for a special purpose. These insula- 
tions span the entire range of temperatures from 
400 F below zero to 3000 F above. 


But, again, there is much more to the story 
of insulations than their manufacture. In order 


Johns-Manville 
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to get the greatest return from your investment 
in them, they must be expertly engineered to 
the job, and then skillfully applied. 


Johns-Manville makes available to you the 
service of experienced insulation engineers, and 
highly skilled mechanics for the proper applica- 
tion of Johns-Manville insulations. 


If you are contemplating an insulation in- 
stallation for your plant, it will pay you to look 
into this Johns-Manville insulation service. For 
further information just write Johns-Manville, 
Box 290, New York 16, N. Y. 


—— INSULATIONS 
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To help you in your winter planning for spring 
construction, Fluor offers this list of process responsibil- 
ity. It is a reflection of the broad experience accumulated 
through over thirty years of design, engineering, and con- 
struction of plants and facilities for the oil, gas, chemical, 
and power industries. 

"Whatever your plans include—a completely 
integrated plant or the expansion of existing facilities — 
Fluor’s background knowledge of the problems peculiar 
to these industries is at your disposal. Fluor can help 
you. Contact our nearest representative for prompt at- 
tention to your individual requirements. 


FLUOR 


in the Design, Engineering 
and Construction of... 


GASOLINE PLANTS 
Natural Gasoline and LPG Recovery 
Combination H.S Removal and Dehydration 
HS Removal 
Dehydration 

REFINING & PETROCHEMICAL PLANTS 
Catalytic Cracking 
Sulfuric and HF Alkylation 
Hydrogenation 
Catalytic Polymerization 
Catalytic Isomerization 
Thermofor Pyrolitic Cracking 
Crude Distillation and Stabilizing 
Absorption and Fractionation of Refinery Gases 
Vacuum Units of All Types 
Thermal Reforming 
Thermal Cracking 
Crude Coking 
Low Temperature Fractionation of Hydrocarbons 
Hypersorption 


MANUFACTURERS of Pulsation Dampeners, Muffiers, Gas Cleaners, Cooling Towers and Pin-Fan Units. 


ESIGNERS AND UCTORS of Natural 
fi DESIGN CONSTR’ Refining, Gas and Chemical Processing Plants. 


THE FLUOR CORPORATION, LTD., 2500 S. Atlantic Blvd., Los Angeles 22, Calif. Offices in principal cities in the U.S.A. 
REPRESENTED IN THE STERLING AREAS BY: Head Wrightson Processes Ltd., Teesdale House, Baltic St., London, E.C.1., England 
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Republic Pneumatic Transmitters are available 
for measuring flow, liquid level, pressure or 
liquid density of a wide range of fluids. 
employ the force-balance principle to 
“convert these process variables into air pres- 
sures which vary proportionally. These air 
pressures become direct measurements and 
can be conducted to reading instruments or 
used as the measuring impulse for the actu- 
ation of an automatic controller. 


FOR METERING 
Flow - Level - Pressure 


WHERE 


ACCURACY 
FLEXIBILITY 
RUGGEDNESS 


ARE IMPORTANT CONSIDERATIONS 


One of a group of Republic 
transmitters metering flow 
and level in a modern 
chemical processing plant. 


Republic transmitters have a guaranteed accu- 
racy of within 1/2 of 1% of the transmitter 
range. By making a few minor adjustments or 
substituting a few small parts, their operation 
can be easily changed to any desired range 
between a minimum of 0-0.6” to a maximum of 
0-704” of water. Their construction is more like 
that of a precision machine than of the sensitive 
instrument they are. Data Book No. 1001 con- 
tains complete details — write for your copy. 


REPUBLIC FLOW METERS CO. 


2240 Diversey Parkway, Chicago 47, Illinois 
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-ADVANC ED Buflovak Evaporators offer the chemical in- 

A‘ ) ba dustry efficient evaporation of processing, high 

capacity and maximum recovery of solids. All 

a of these because of advanced scientific design 
in every BUFLOVAK Evaporator! 


i Modern design insures maximum capacity, 
| P ae virtually complete recovery of all solids, and 


low operating costs. Automatic controls main- 


EVAPOR peens tain a high level of operating efficiency, and 


simplify operation . . . all with their profit- 
building advantages. 


¥V HIGH RATE OF 
EVAPORATION 


¥ MAXIMUM 
RECOVERY OF SOLIDS 


V SIMPLIFIED 
OPERATION 


The BUFLOVAK Multiple Effect 
Evaporator that concentrates 
225,000 gals of product a day, 
illustrated here, is only one of 
BUFLOVAK’S long line of Evapo- 
rators, Dryers, Solvent Recovery 
and Distillation Equipment, etc. 
Plants today are using 
BUFLOVAK to great advantage. 
Write us for full details of our 
line of equipment. 


BUFLOVAK EQUIPMENT DIVISION oF co, 
1567 FILLMORE AVE., BUFFALO 
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costly maintenance problem 


completely 
solve 


with 


CRANE 
VALVES 


CASE HISTORY FROM CRANE FILES 


PROBLEM: To find a valve that would assure longer service in a continuous 


| 


No. 
batch processing operation, and reduce costs of routine piping maintenance. re hepato Vatve 
m full line 
on req 
WORKING CONDITIONS: Valve to control flow of steepwater solution to ee 
steam-heated steeping tanks. Constantly exposed to weak acid vapors- Crane Wholesaler 


SOLUTION: Crane No. 1611 Diaphragm Valves, iron body, packless 
design, with separate disc and diaphrag™- 


RESULT: Costly problem of frequent repacking completely eliminated. Not 
a penny’s maintenance cost—not a sige of corrosion OF erosion—no leakage, 
or wear on internal parts—ever after 4 years’ service. 

Crane Diaphragm Valves have already given more than 


double the repair-free service obtained from conven 
tional valves. 


used than any other make! 


on—at American Maize Products Co., Hammond, Ind. 


CRANE CO 
Ge 
neral Offices: 836 S. Michigan Ave., Chi 
Chicago 5, Ill. 


Branches 
VALVES -+ and Wholesalers Serving All Industrial A 
tal Areas 
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CREATIVE 
 DEWATERER 
ENGINEERING 


For high speed dewatering 
of slurry pulp... AUTOMATICALLY! The 
CONKEY ROTARY HOPPER VACUUM DEWATERER 


OPERATORS everywhere report highly successful 
results with the Conkey Rotary Hopper Vacuum 
Dewaterer for a wide range of materials. Some 
of these include aluminum tri-hydrate, barium 
nitrate, ground pitch, silica sand, coal, grain, 
TNT, Imenite, paper stock, gun cotton, abra- 
sives and magnetite. 

DESIGNED to take full advantage of the quick- 
filtering characteristics of slurries as well as the 
segregation tendencies of coarser, heavier solids, 
the Conkey Rotary Hopper Vacuum Dewaterer 


Other General American Equipment: 


Turbo-Mixers, Filters, Thickeners, 
Evaporators, Dryers, Towers, 
Tanks, Bins, Pressure Vessels 


OFFICES IN ALL PRINCIPAL CITIES 
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features relatively high drum speeds. This ex- 
plains the very large capacities achieved—as in 
a typical installation where each Conkey De- 
waterer is dewatering more than 2,000 tons of 
solids per day to approximately 6% moisture. 


SAVES LABOR. No adjustments of feed consist- 
ency are necessary, and with continuous auto- 
matic operation, practically no supervision is 
required. For complete technical information, 
write for Bulletin No. 101. 


Process Equipment Division 
GENERAL AMERICAN 


Transportation Corporation 
Sales Office: 10 East 49th St., New York 17, N.Y, 
General Offices: 135 S. LaSalle St., Chicago90, IIL. 
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VACUUM 


Come to KINNEY for the vacuum pump 
that's right for your vacuum problem. 


Kinney High Vacuum Pumps range from the big 40 HP unit with 702 cu. ft. 
per min. displacement to the little 1/3 HP pump rated at 4. 9 cu. ft. per min. 
Kinney offers two basic pump designs — Single Stage and Compound — for 
low absolute pressures to 10 microns or 0.1 micron, respectively. You can also 
choose the type of outlet valve that’s best for your job — for extremely low 
pressures, the efficient feather valve, or for air-vapor mixtures, the exclusive : 
stainless steel poppet valve. Return the coupon today for your copy of ercign Rapresentetivens 
Bulletin V45 . . . the full story on Kinney’s complete line of vacuum pumps. Son 
KINNEY MANUFACTURING COMPANY, 3546 Washington St., Boston 30, 
Mass. Representatives in New York, Chicago, Cleveland, Houston, New 
Orleans, Philadelphia, Los Angeles, San Francisco, Seattle. ~ Sema, tele 


KINNEY MANUFACTURING CO. 
3546 WASHINGTON ST., BOSTON 30, MASS. 
Gentlemen: 


Please send illustrated Bulletin V45. We are interested in: 
Vacuum exhausting Vacuum distillation 
: Vacuum coating Vacuum metallurgy 
[_] Vacuum dehydration 
Name Company 
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CARBON 


We supply special activated car- 
bons for all gas and vapor adsorp- 
tion applications. Several grades 
are produced specifically for: 

@ Solvent Recovery 

@ Air Deodorization 

and Purification 

e@ Industrial and 

Military Gas Masks 

e Purification of 

Industrial Gases 

Separation and Purification 
of Hydrocarbon Gases 
(moving beds) 

Catalysis of Vapor-Phase 
Reactions 


CARBIDE AND CAR BON There is no one activated carbon for all uses. Optimum charac- 


teristics vary with each application. The right combination of 
CHEMICALS DIVISION properties is required in an adsorbent for most effective results. 
Cerbid And there is a Covtumpia Activated Carbon with the combina- 
tion you need. 

30 East Strest Now York 17, Let us help you select the proper Cotumsia Acti- 
vated Carbon for your particular job— the grade that 
CO LU M BIA combines the best particle size and shape, active sur- 
face area, adsorptive and catalytic properties, ash 

content, hardness, and mechanical strength. 
Write today, describing your application, and our 
engineers will give you further detailed information. 


“Columbia” is a registered trade-mark of Union Carbide 
and Carbon Corporation. 
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TIME TO STOP FOOLING 


re the magazine, Life (Sept. 18, 1950), a photograph 

appeared of a young Marine in Korea, with tears 
streaming down his cheeks, crying “No more ammo.” 
Translate the word “ammo” into the more generalized 
term, “munitions,” and this photograph deserves the 
earnest consideration of everyone concerned with di- 
recting the policies on national defense, from the Presi- 
dent of the United States down. It is understandable 
that the problem of supplies is one of delivery as 
well as procurement, and that therefore there are two 
parts to the question, but concentration on delivery 
and neglect of procurement is a fool's policy. 

The argument for supplies is as important as the 
argument for “bodies.” We dislike repeating clichés 
but it must be impressed over and over upon the people 
of the United States that our only chance of winning 
against the forces opposed to us lies in competition 
with brains rather than with bodies. If we depend 
entirely upon the latter, we are lost, and will become 
the greatest slave state in history. The most efficient 
use of our manpower is the greatest problem now facing 
these United States, and recent events have shown that 
it is time to stop fooling. 


The general theory that every physically capable 
man between 26 and 19 must be in the Army is a 
little-boy idea, devoid of sufficient reflection and empty 
of judgment. 


The report of the Six Advisory Committees to the 
Selective Service System presented to General Hershey 
in Washington a few weeks ago indicated a reasonable 
method of attaining the objectives which we seek. The 
fact that we are told that this state of mobilization may 
last for many years, even if no war breaks out, indi- 
cates the justice of the Committees’ recommendations 
that there should be a steady flow through the uni- 
versities of selected students, under conditions of pre per 
safeguards with regard to standards and accomplish- 
ments. Industry is being asked to expand and to ex- 
pand rapidly. Such expansion requires management 
personnel which must be drawn from older, more 
experienced men. Their places, in turn, must be taken 
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by younger men, and theirs, in turn, by embryo grad 
uates. Immediately this poses many problems for man 
agement but none of them is as bad as having no 
replacements which will force cessation of production. 
Who wants to take the responsibility, for the sake of 
having a few more infantrymen, that our G.1’s have 
no more ammo? 

Equally important is the recommendation of the 
Committees that these graduates be given four months 
to get settled in an important war industry. It is 
futile to train them and induct them on the day of 
their graduation. This is so obvious that it does not 
seem to be seen, and thousands of technical seniors are 
in this position in this country today. 

We must be sure to look at both sides of this question. 
The Armed Forces, too, have a job to do, and it is 
the teamwork between them and industry which will 
win any war that we may have. It would seem fair, 
therefore, that when there is a question of the induc- 
tion or calling into Service of engineers and other tech- 
nically trained men the problem should be looked at 
from a more judicial standpoint than has been the 
case heretofore. At present the burden of proof is 
entirely on the industrial side. No mention is made 
of what is going to happen to the man when he gets 
into the Armed Forces. It would seem, therefore, 
proper that the Armed Forces should present thei: 
reasons for induction at the same time that industry 
presents its request for deferment, and that the judg- 
ment should be made on the basis of where that man 
can best serve his country. There are many uses for 
technical men in the Armed Services and they may 
well be more important than the work which the indi- 
vidual is carrying on in industry, and such cases should 
be properly weighed and properly adjudicated. By 
some such process as this, the people of the United 
States can be assured that their fringe of technical 
superiority is not being frittered away and that if the 
Korean G.I. has no more ammo, it is from lack of 
resources and not stupidity in their utilization, 


F. J. Curtis 
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OR FLEXIBILITY IN 


it's worth checking inte — one of the 

many Tygon Plastic formulations may be 
the answer fo your 
tough ce@frosion 
problems. 


SHEET TYGON 
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Where flexibility, clearness, and freedom from toxicity is a must 
in fluid transmission — there's only one answer, TYGON plastic 
TUBING. 


Tygon Tubing js cough as leather, flexible as a piece of string, 
clear as glass. It neither imparts nor absorbs taste or odor. Resistant 
to acids, alkalies, oils, water, alcohols. Mirror-smooth surface inside 
and out speeds flow; makes cleaning easy. Tygon Tubing can be 
steam sterilized. 


Tygon Tubing js made in bores in standard or special sizes up to 
2” ID, and is available with an outer braid-reinforcement for 
pressure applications. 


Bulletin T-77 contains complete technical information. Free on 
request. Write for it today. Address The U. S. Stoneware Co., 
Tallmadge Square, Akron 9, Ohio. 
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SEPARATION OF GAS MIXTURES . 
BY MASS DIFFUSION 


PART | 


MANSON BENEDICT and ARNOLD BOASt 


Hydrocarbon Research, Inc., New York 


1. Introduction 


HE three principal methods 

separating gases by diffusion 
thermal diffusion, gaseous diffusion 
mass diffusion. Thermal diffusion has 
been used extensively for small-scale 
separation of isotopes of the lighter ele- 
ments and for large-scale partial separa- 
tion of the uranium isotopes; its com- 
mercial utility has been limited, how- 
ever, by its comparatively low separation 
factor and poor thermal efficiency. Gas- 
eous diffusion has been used with 
marked success for large-scale separa- 
tion of uranium isotopes ; its commercial 
application to other separations has been 
limited by the large number of high com- 
pression ratio gas compressors and the 
large areas of special diffusion mem- 
branes with fine holes required by this 
operation. 

Mass diffusion, on the other hand, has 
had few laboratory or commercial appli- 
cations; nevertheless, it has a number 
of advantages compared with thermal 
diffusion or gaseous diffusion which 
may cause it to be the preferred opera- 
tion for certain separations. It has the 
highest separation factor of all diffusion 
separation operations and is more effi- 
cient than thermal diffusion, although 
not so efficient as gaseous diffusion. It 
requires no special pumps or special 
diffusion membrane, and it may be 
operated at, or somewhat above, atmos- 
pheric pressure. Since mass diffusion is 
not applicable to separation of uranium 
isotopes, there are no restrictions on the 
commercial use of this process. Because 
ot these advantages of mass diffusion, it 
has seemed appropriate to develop the 
principles of this operation in enough 
detail that possible laboratory or com- 
mercial applications of mass diffusion 
may be reliably evaluated. This is the 
main objéctive of this paper. 

Two principal applications are fore- 

T Present address: Polytechnic Institute 
of Brooklyn. 


t Literature references will be printed 
with the final installment of this article. 
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seen for mass diffusion: (1) separation 
of isotopes, and (2) partial extraction 
of hydrogen or helium from mixtures 
with gases of higher molecular weight. 
Both applications will be treated. 

Separation by mass diffusion may be 
carried out in a stage type of process, 
analogous to solvent extraction in a 
series of separate contacting units, or 
in a column, analogous to solvent. ex- 
traction in a packed column. The stage 
type of mass diffusion was developed 
originally by Hertz (3),* who patented 
the process (4) and used it for separa- 
tion of helium from neon, and neon-20 
from neon-22 (5). More recently, 
Maier (6) has conducted a thorough 
experimental study of the use of a mass 
diffusion stage to separate hydrogen 
from nitrogen, sulfur dioxide or air, 
and has worked with other mixtures of 
industrial importance. Maier termed the 
operation “atmolysis.” 

The column type of mass diffusion 
has not been described previously. 


2. Qualitative Description of 
Mass Diffusion 


21 Mass Diffusion Stage. The means 
by which separation is effected in a mass 
diffusion stage are shown in Figure 1, 
which represents the type of apparatus used 
by Maier. If Maier’s apparatus, the mass 
diffusion stage is of cylindrical cross sec- 
tion, and is divided into two annular cham- 
bers by the cylindrical mass diffusion 
screen. Feed gas is admitted at the top of 
the inner compartment. As this stream 
flows downward through the inner cham 
ber, it picks up separating agent, which 
diffuses through the screen from the outer 
chamber, and gives up a portion of the 
feed, which diffuses through the screen into 
the outer chamber against the incoming 
separating agent. Because the light com 
ponents of the feed diffuse at a higher ve- 
locity than the heavy components, the 
stream in the inner chamber is progres 
sively enriched in the heavy components, 
and for this reason, is called the heavy 
stream. 

Steam, or other separating agent vapor, 
is admitted at the bottom of the outer 
chamber. As this stream flows upward 
countercurrent to the descending heavy 
stream, it gives up separating agent ito the 
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heavy stream and picks up from it a por- 
tion of the components of the feed, en- 
riched with respect to the light components 
For this reason, this stream is called the 
light stream. 

After the light and heavy streams leave 
the diffusion stage, they are cooled to con 
dense out the separating agent. After 
separation of the condensate, they leave the 
apparatus, respectively, as the heads and 
tails fractions of the separation. 

Main controls of the apparatus are valves 
to adjust the rate of charging feed (not 
shown), the rate of charging separating 
agent (V;) and the split of feed between 
heads and tails (Vs)). As Vs is opened, 
the pressure of the light stream is reduced 
relative to the heavy stream, and more of 
the feed enters the heads fraction. Separa- 
tion takes place either when the pressure of 
the light stream is greater than that of the 
heavy stream or when the reverse is true, 
but the most efficient operation occurs when 
the light stream is at slightly higher pres- 
sure. 

Many types of equipment besides that 
shown in Figure 1 may be used in a mass 
diffusion stage. For example, the directions 
of flow may be reversed, or horizontal 
rather than vertical. The apparatus may be 
of the multitube-and-shell type construc 
tion, like a tubular heat exchanger, or of 
the parallel-plate type, in which light and 
heavy streams alternate. Cross flow or 
concurrent flow may be used rather than 
countercurrent, although with some sacri 
fice of efficiency. 

For the diffusion screen, Maier used a 
wide variety of material, such as plates 
perforated with 1/64-in. holes, fine mesh 
wire screen, and alundum filter plates. A 
porous membrane with fine holes, such as 
is needed in gaseous diffusion, is not re- 
quired in mass diffusion, although holes 
with a diameter under ten microns are pre 
ferred because control of pressure differ 
ences across the screen is simpler than 
when larger holes are used. Porous metal 
sheet, such as is used for oil filters, makes 
an admirable mass diffusion screen 

The main requirements of the separating 
agent are that it be selective, have a high 
diffusion coefficient into the feed, and be 
readily separable from the products of the 
separation. Generally speaking, a separat 
ing agent with high molecular weight is 
more selective than one with low, but its 
diffusion coefficient into the feed is lower 
When the components are permanent gases, 
such as hydrogen and nitrogen, a readily 
condensable vapor such as steam, is pre 
ferred as separating agent. When the com- 
ponents to be separated are condensable 
vapors, such as ethyl alcohol and water, it is 
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convenient to use a permanent gas, such as 
air, as separating agent. Although mass dif- 
fusion may, in principle, be carried out in 
liquid mixtures, the low diffusion coeffi- 
cients in liquids rule out this operation in 
practice. 
In previous applications of mass diffusion, 
he process has been run at atmospheric 
ressure (Maier) or a few centimeters of 
ercury (Hertz). Operation above atmos- 
heric pressure would be possible, but the 
licate balance of pressure across the dif- 
sion screen becomes harder to maintain, 
e higher the pressure. 
Two examples may be given of the de- 
ee of separation attainable in mass dif- 
ion. Suppose that a mixture of 50% H: 
1 50% Nz is maintained at one end of the 
usion zone, and 100% steam is main- 
ined at the other end. When the number 
Of moles of steam diffusing in one direction 
equals the number of moles of hydrogen 
and nitrogen diffusing in the opposite direc- 
tion, the composition of the yg mix- 
ture will be 85.0% Hy and 15.0% Ns». This 
is a favorable example, because Nhe dif- 
fusion coefficients of hydrogen and nitrogen 
into steam are in the ratio of 3.43 to 1. 
When the ratio of the diffusion coefficients 
is lower, the degree of separation will be 
correspondingly reduced. In separating 
C"H, from by mass diffusion into 
steam, the ratio of diffusion coefficients is 
only 1.015, and under the conditions cited 
here, the gas diffused from a 50% mixture 
would be enriched in C’H, only to 50.4%. 
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2.2 Cascade of Mass Diffusion Stages. 
When the degree of separation obtainable 
in a single stage of this type of mass dif- 
fusion is small; as with isotopes, the process 
must be repeated in a number of stages. 
Figure 2 illustrates the equipment that 
would be required in a cascade of mass 
diffusion stages, using steam as separating 
agent. The gaseous feed to each stage 
would be introduced by means of a circulat- 
ing pump, and partially separated by the 
stage in the manner just described. After 
condensing the steam and separating the 
water from the heads and tails fractions 
leaving the stage, the heads fraction is sent 
to the next stage toward the “top” of 
cascade, and the tails fraction is sent to 
the next stage toward the “bottom” of the 
cascade. To obtain both components in a 
relatively pure state, it is necessary to use 
rectifying and stripping sections in the same 
manner as in a distilling column. 


23 Mass Diffusion Column. The mass 
diffusion column illustrated in Figure 3 
provides a second means for obtaining a 
greater degree of separation than from a 
single stage. This apparatus makes use of 
the mass diffusion principle in a true coun- 
tercurrent column, which, if long enough, 
could, in principle, effect complete separa- 
tion of the components of the feed without 
the use of a cascade of columns. 

The main differences between a mass 
diffusion column and a mass diffusion stage 
are (1) Separating agent is charged to the 
light stream at a uniform rate over the 
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entire length of the column, instead of at 
one end only, and (2) Separating agent is 
condensed from the heavy stream at a uni- 
form rate over the entire length of the 
column, instead of from the heads and tails 
fractions leaving the stage. To permit uni- 
form charging and condensation of separat- 
ing agent, a mass diffusion column con- 
tains four compartments instead of the two 
used in a mass diffusion stage. These com- 
partments may take the form of concentric 
cylindrical shells (Fig. 3) or parallel rec- 
tangular ducts. 

The innermost chamber carries separat- 
ing agent; the second chamber, the light 
stream; the third chamber, the heavy 
stream; and the fourth chamber, cooling 
water. Separating agent vapor enters the 
bottom of the perforated pipe making up 
the innermost chamber, and flows radially 
through the holes of this pipe and through 
the mass diffusion screen to the cooling 
surface between the third and fourth cham- 
bers, where it is condensed. The conden- 
sate is withdrawn with the heavy stream 
from the bottom of the column. 

The mass diffusion screen divides the 
second chamber, carrying the light stream, 
from the third chamber, carrying the heavy 
stream. As the light stream flows upward 
through the second chamber, it is progres- 
sively enriched in the light components, 
which diffuse through the screen against 
the separating agent. As the heavy stream 
flows downward, it is progressively en- 
riched in the heavy components, which are 
carried through the screen with the out- 
flowing separating agent. 

By proper control of light and heavy 
stream and separating agent feed rates, it 
is possible to adjust the concentration of 
separating agent on either side of the screen, 
and its flow rate through the screen, so that 
the molal flow of light component through 
the screen against the separating agent just 
equals the molal flow of heavy component 
through the screen in the other direction. 
This its the preferred condition for operat- 
ing this type of column for the separation 
of isotopes. This condition, in which the 
flow of light component through the screen 
in one direction is just balanced by the flow 
of heavy component in the other direction, 
is called “balanced mass diffusion.” 

The use of a screen is not essentiai to 
this type of mass diffusion, since under 
proper conditions, convection currents may 
be used to set up the desired countercurrent 
flow. However, the performance of the 
column then becomes much more sensitive 
to the changes in gas density and static head 
resulting from the concentration and tem- 
perature gradients in the column, and its 
performance is more difficult to control. 


Although experimental use of a mass 
diffusion column has not been reported, 
it would seem to offer two important 
advantages over the stage. The mass 
diffusion column is the more efficient 
separating device, because it is possible 
to maintain optimum conditions over 
the full extent of its screen area. This 
is not possible in the stage, because 
separating agent concentrations and 
velocities through the screen change 
from point to point. The other main 
advantage of the mass diffusion column 
is its ability to achieve a degree of 
separation equivalent to many stages in 
a single piece of equipment. The main 
disadvantage of the mass diffusion col- 
umn is its complex, four-chamber con- 
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struction, which makes difficult assembly 
of large amounts of screen area in a 
single column. 


3. Diffusion in Multicomponent 
Mixtures 

The transport of each component of 
a multicomponent mixture is measured 
by its molal velocity, with dimensions 
of moles per unit area, per unit 
time. In the general case, the molal 
velocity is a vectorial quantity, de- 
pendent on the pressure gradient, the 
temperature gradient, the gradient in 
the mole fraction of each of the com- 
ponents of the mixture and the bulk 
motion of the mixture. The theory of 
diffusion in this case for a general two- 
component mixture of gases at low 
pressure has been treated by Chapman 
and Cowling (1). Their results have 
been extended to multicomponent mix- 
tures by Curtiss and Hirschfelder (2). 
In this paper, complications introduced 
by pressure and temperature gradients 
will be neglected and an assumption 
made that all mole fraction gradients, 
dx,/dr, lie in the same line. Under these 
conditions, the molal velocity, N,, of 
each component will lie in the same line 
as the mole fraction gradients. N, will 
be considered positive when in the direc- 
tion of increasing r; negative, when in 
the opposite direction. 

Under these simplifying assumptions, 
molal velocities and mole fraction grad- 
ients in an m-component gas mixture at 
low pressures are interrelated by the 
system of equations: 


n 
dx; _ > 
dr pDy 


i=1 
(gj (1) 


Here, 2; is the mole fraction of the ith 
component, p is the density of the gas 
mixture in moles per unit volume, and 
Dj; is the diffusion coefficient of the ith 
and jth components. An equivalent set 
of equations was given by Sherwood 
(7), who assumed, as this paper does, 
that Dy is independent of composition 
and has the value observed in a binary 
mixture of components i and j. 

Equation (1) reduces to the familiar 
expression for diffusion in a nonflowing 
binary mixture, for which Ng = —N, 
and x, = 1—-+,;. With these substitu- 
tions, Equation (1) becomes: 


It will be noted that only »—1 of 
the » Equations (1) are independent, 
since 

n 


dx, 
dr 


j=1 
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ABSTRACT 


Separation of the components of a gas mixture by mass diffusion is 
effected by taking advantage of different rates of diffusion of its com- 
ponents into steam or other separating agent. Two types of apparatus 
J be used in this separation method, a mass diffusion stage or a mass 
diffusion column. 


In the stage type, the mixture to be separated is fed on one side of a mass 
diffusion screen, and separating agent on the other. Those components 
with higher diffusion coefficient diffuse preferentially through the screen 
and are discharged with separating agent as the heads fraction of the 
separation; those components with lower diffusion coefficient remain 
preferentially in the undiffused or tails fraction of the separation. Sep- 
arating agent is condensed from each fraction after it leaves the stage. 


When the difference between diffusion coefficients is large, as when 
hydrogen or helium is to be separated from other components, a useful 
degree of separation can be obtained from a single stage. When the 
difference between diffusion coefficients is small, as in mixtures of iso- 
topic substances, a cascade of many stages is needed for useful separation. 


In the column type, steam or other condensable separating agent is 
caused to flow from one wall of the column, through the mixture being 
separated, to the other wall, where it is continuously condensed through- 
out the entire length of the column. The portion of the mixture being 
separated which is caused to flow along the wall at which the separating 
agent is charged becomes enriched in the components with higher dif- 
fusion coefficients; a second portion of the mixture, which is caused to 
flow in the opposite direction along the wall at which separating agent 
is condensed, is enriched in the components with lower diffusion coeffi- 
cients. By using a column of sufficient length, any desired degree of 
separation may be secured. 


Theoretical equations are derived for the performance of both the stage 
and column types of mass diffusion and are applied to the separation of 
isotopes and the extraction of hydrogen from coke oven gas or similar 
industrial gas mixtures. 


Specific examples are given of the design of a cascade of columns and 
a cascade of stages, to produce 100 g./day of carbon-13, 90% pure by 
mass diffusion of methane into steam, starting with natural methane 
containing 1.06% C'*H,. It is shown that the column type of process is 
the more efficient, using less diffusion screen and consuming less steam 
than the stage type. 


The main features of a mass diffusion column to produce 90% pure 
hydrogen from coke oven gas containing 50% hydrogen in 90% yield 
are described. The thermodynamic efficiency of this separation is only 
1.1%. Since an efficiency of around 10% can be obtained when hydrogen 
is separated by partial condensation at low temperatures, mass diffusion 
will be at a serious disadvantage in respect to operating cost. The main 
advantage of mass diffusion in extraction of hydrogen is in the relatively 
simple equipment used. 


The equipment of a single mass diffusion stage is even simpler, but it 
does not permit the relatively complete separation of hydrogen obtain- 
able with a mass diffusion column. However, a 50% yield of hydrogen, 
90% pure, from coke oven gas is possible in a single stage. The main 
features of such a stage are described. 


Experimental results secured by C. G. Maier (6) in separating hydro- 
gen from nitrogen by a mass diffusion stage are found to be in fair 
agreement with the theory developed in this paper. 


It is concluded that the principal applications of mass diffusion will be 
to the separation of isotopes, and possibly, to the extraction of hydrogen 
or helium from heavier gases at places where large amounts of low- 
pressure steam or other condensable vapor are available. 
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Fig. 2. Cascade of mass diffusion stages. 


To evaluate all » molal velocities, an 
auxiliary condition is required. This 
extra condition will be taken as 


n 
=N 


(3) 
here N is the bulk molal velocity of 
e entire mixture, to be assumed given. 


4. Screen Properties 


The two most important properties 

a mass diffusion screen ar2 its per- 

ability to bulk flow, Cp, and its dif- 

sivity, Cp. The permeability should 
be as low as practicable, to facilitate 
control of bulk flow through the screen, 
and the diffusivity should be as high as 
practicable, to minimize the amount of 
screen needed for a given separation. 

The permeability is defined as the 
ratio of the moles flowing through the 
screen per unit time per unit screen 
area (\) to the difference in pressure 
(AP) between the two faces of the 
screen : 

moles 


Cr = 


(4) 


From Poiseuille’s law for viscous flow, 
it may be shown that 


pgd?h 


Cr = 


(3) 


where 


g = acceleration of gravity 

d = effective mean diameter of 
holes in screen 

w = effective viscosity of gas (of 
variable composition) flow- 
ing through screen 

Wg, = screen thickness 

\ = fraction of screen area open to 

flow 


The diffusivity is defined as the ratio 
of the moles of gas diffusing into sepa- 
rating agent through the screen per unit 
time per unit screen area (N,) to the 
difference in mole fraction between the 
streams flowing past the two faces of 
the screen, when there is no bulk flow 
through the screen: 


Ny 
| (6) 
where x, is the mole fraction of gas in 


the heavy stream, and y, is its mole 
fraction in the light stream. 


Cp= 
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The diffusivity depends on the thick- 
ness of the screen, the fraction of its 
area open to flow and on the pattern 
of flow in the gas passages adjacent to 
the stream. Figure 4 illustrates how the 
concept of film thickness, which has been 
so useful in evaluating mass-transfer 
coefficients in distillation and absorption, 
may be applied to evaluation of the 
diffusivity in mass diffusion. 

According to the film concept, resis- 
tance to diffusion is imposed not only 
by the holes of the screen itself, of 
thickness Wg and A fraction of area 
open to flow, but also by stagnant films 
of gas adjacent to the screen on the 
light stream and heavy stream sides, of 
thickness Z,;, and respectively. 

In this paper, molal velocities will be 
based on the total geometric area of the 
screen, rather than its free area. On 
this basis, the molal velocity within a 
hole through a screen of which A frac- 
tion is open to flow is N/A. In such a 
hole, differential Equations (1) for dif- 
fusion in a multicomponent mixture 


become : 
dr ApDi; . 
¢=1 
G (7) 
When an effective distance, t, is defined 


as r/h, the equations for diffusion 
within a hole become: 


*,m) 


dx, 


i=1 
(8) 


Within the films, outside of the screen, 
t is the same as the actual distance r. 
The total effective distance through the 
films and screen, is Z, + Ws/k+ Zy. 
The integrated form of the differential 
diffusion Equations (8) may be used to 
show that the molal velocity through 
the combined resistances imposed by the 
two films and the screen is: 


(4:—%1)Dp 


where D is the diffusion coefficient of 
component of the gases to be separated 
into separating agent. The denominator 
of this expression is called the effective 
diffusion length of the screen, Z. In 
terms of Z, the diffusivity is given by 


Cy = pD/Z (10) 


In separating components with widely 
different diffusion coefficients into 
separating agent, the diffusivity is dif- 
ferent for each component. In isotope 
separation, the diffusivity is substan- 
tially independent of component. 

When the flow past the screen is tur- 


N,= (9) 
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bulent, Sherwood (7) has shown that 
the film thickness may be correlated by 


Z = 43W (Re) —°*3(MpD 
(11) 


= clearance of duct 
= Reynolds number, 2WG/p, of 
gas flowing through this duct 
= mass velocity of mixture flow- 
ing in this duct 
= viscosity 
p = molal density of mixture 
M = molecular weight of mixture 
D = diffusion coefficient of gas into 
separating agent 


Turbulent flow is preferred in the 
stage type of mass diffusion, but laminar 
flow is necessary in the column type. In 
laminar flow, the entire width of the 
channel offers resistance to diffusion, so 
that the simple film concept is not ap- 
plicable. It may be shown that when one 
face of the channel consists of screen, 
the flow pattern in laminar flow intro- 
duces diffusional resistance equivalent 
to a stagnant film whose thickness is 
13/35 the channel width. 

These considerations show that to get 
maximum diffusivity from a diffusion 
screen, it is desirable to use a screen as 
thin as possible and with the maximum 
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Fig. 4. Effec- A 
tive diffusion 
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possible free area. The film on each 
side of the screen should be made as 
thin as possible, by using narrow ducts 
and turbulent flow with high Reynolds 
numbers, if possible. However, it is not 
possible to reduce the channel width or 
increase the Reynolds number indefi- 
nitely, because the pressure drop along 
the screen becomes excessive and it is 
then impossible to maintain the optimum 
pressure difference over an extended 
length of screen. For every screen and 
separation problem, a balance must be 
struck between film thickness and pres- 
sure drop. 

To reduce the permeability and facili- 
tate control of flow through the screen, 
it is advantageous to use a screen with 
holes of the smallest diameter consistent 
with uniformity of hole size and large 
fraction of area open to flow. The holes 
in the screen should be of uniform size 
and shape, so that separating agent will 
not tend to by-pass through the large 
holes, with back diffusion of the gases 
through the small ones. Porous metal 
sheet, 1/64 in. thick, of the type used 
for oil filters, with holes around ten 
microns in diameter, makes good mass 
diffusion screen. 

Equations (5) and (10) may also be 
used to suggest preferred conditions for 
operating a mass diffusion screen. A 
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high temperature is desirable because it 
increases the diffusivity by increasing 
pD, and decreases the permeability by 
decreasing p/p. A low pressure is pre- 
ferable because it reduces the permeabil- 
ity by reducing p. With d = 10,, opera- 
tion at a pressure of one atmosphere is 
feasible. To obtain efficient per formance 
at higher pressures, finer holes are de- 
sirable. 


5. Local Separation Performance 
of Screen for Close-Cut 
Mixtures 


For a two-component mixture sepa- 
rated by diffusion into a separating 
agent, the system of Equations (8) is: 


Separating Agent: 
pDoa 
(12.0) 
Light Component: 
dx, _ Nor, — 


Nor, — Nyt 
dt 


Heavy Component: 


dx, _ Nor 2— Nor 


dt 


The desired solution of these equations 
will give the dependence of the molal 
velocities No, Ny, and Nz on the com- 
position of the gases flowing by a point 
of the screen and the molal velocity of 
bulk gas flow through the screen at that 
point. 

The general solution of Equations 
(12) will not be treated. Solutions will 
be given for two special types of mix- 
ture This section treats a close-cut 
mixture, such as a mixture of isotopes, 
in which the difference between the dif- 
fusion coefficients of the components to 
be separated into the separating agent is 
a small fraction of the diffusion coeffi- 
cients themselves. 


COOLING 
A 
YEN | 
i MEAVY STREAM 
MOL FRACTION Gas + 
STREAM 
VERTICAL SECTION | 
4 Fig. 3. Flow in 
column. 
r 
where 
(12.1) a 
(12.2) 

i q 
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Fig. 5. Nomenclature for 
screen performance. 


Closecut case. 


Section 8 treats the case in which the 
diffusion coefficient of light component 
into separating agent equals the diffusion 
coefficient of light component into heavy 
component, which is approximately true 
of the separation of hydrogen from 
nitrogen by diffusion into steam. 

Figure 5 illustrates the nomenclature 
to be used in deriving equations for the 
performance of a single hole of a mass 
diffusion screen in separating a two- 
component, close-cut mixture. At any 
point of mass diffusion screen, the fol- 
lowing five boundary conditions are 
assumed : 

- y, mole fraction of light component 
on upstream side of screen (on a 
separating agent-free basis) 

. *, corresponding mole fraction on 
downstream side 

. », combined mole fraction of main 


where 


D, = (Do + Doz) /2 (15) 


y, the ratio of the difference between 
the diffusion coefficients to their mean, 
is a measure of the ease of separation 
of the light and heavy components, and 
will be known as the separability. In the 
case of a mixture of isotopes, 


The first step in solving the differen- 
tial Equations (12) for the special case 
of a close-cut mixture is to replace the 
mole fractions +9, +;, and +, by the 
mole fraction of main components ¢ and 
the mole fraction of light component on 
a separating agent-free basis, v, to re- 
place diffusion coefficients Dp, and Dos 
by their average D, and relative differ- 
ence y, and to replace the molal veloci- 
ties N, and N, by & and N, where 
N = No+N,+Nz. The required sub- 
stitutions are: 


(18) 
(19) 
(20) 


(21) 


Doo = (22) 


Ny = (N—No)v+Nd (23) 
Nz = (N—No)(1—v) 
(24) 
With these substitutions, the differen- 
tial Equation (12.0) becomes: 


+ NoB(1 — ¢)| —— 


1+2 


2 


and the differential Equation (12.1) becomes: 


components (the components being dv 1—¢ 
separated) on upstream side of the = + =~ (3 
screen 12 1+ vA 

. € mole fraction of main components 2 


on downstream side of screen 

. N, molal mass velocity of all compo- 
nents through screen. N is determined 
by the pressure difference across 
screen, and its permeability. 


The solution of this system of equa- 
ms for the special case of a close-cut 
ixture is facilitated by taking advan- 
e of the following properties of this 
e: 


1. The mole fraction of light compo- 

t, on a separating agent-free basis, 

nges only slightly between its value, 

y, in the light stream and +, in the heavy 

stream. That is: 

(13) 

2. The difference between the dif- 

fusion coefficients of light and heavy 

components into separating agent is 

much less than their average. That is: 

Dor — Doo 
y= <<l 


(14) 


—v(1—v)[N(1— 4) 


M, M, My 
M, + Mz, My+(M,+M,)/2 
(16) 


where M is the molecular weight and 
subscripts 0, 1 and 2 refer, respectively, 
to separating agent, light component 
and heavy component. 

3. The molal velocities of light and 
heavy components, N, and Ng, are 
nearly proportional to their mole frac- 
tions on a separating agent-free basis. It 
is convenient to introduce the small 
quantity 5, defined by: 


N,(1—v2) 
No 


whose absolute value < < 1. 


y= 


(17) 
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— No] 


(26) 


Equation (25) is put into form facili- 
tating solution by expanding into a 
power series in y and neglecting terms 
of order y and higher powers: 


—No 
(27) 
The solution of this equation subject to 
the boundary conditions 
att=0 
@=Eati=Z 


—9) 
1—e-? 


(28) 


U = NZ/Dep (29) 
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where 


The reduced velocity, U, is a measure of the effective flow rate through the _ These equations show that, = a 
screen and films. diffusion, the molal velocity of light com- 
4 ponent is made up of two elements.’ The 

To facilitate solution of Equation (26), it is expanded into a power series first of these, proportional to the 1 

in y, terms in y8, y* and higher powers are neglected, and the equation remaining in light component composition (y—4# 
is divi imi i ion is: between the upstream and downstream 
= composition difference, or to “unseparate 
+ + D./Pis + the mixture. This may be thought of as 
N 1—¢—No/N o(1—¢—No/N) a composition equalizing velocity. The sec- 
ond element of the mola) velocity, propor- 

= ywa—v) tional to the separability (7), is in the 

C) (30) opposite direction, and tends to transport 

light component against the composition 

This equation may be integrated if v(1—wv) is treated as constant and equal to gradient. This may be thought of as a 


A separating velocity. The possibility of 
*(1— x). Its solution, subject to the boundary conditions shown in Figure 5, is: eflecting separation by mass diffusion de- 


a os pends, of course, on the existence of this 
(y—*)n(1 No/N) separating velocity. 

ALL LA 2. Equal Diffusion Coefficients. In this 
1—&—No/N case, the mutual diffusion coefficient, 
the light and heavy components, equals t 

1——No/N average diffusion D, of 

1—€—No/N components into the separating agent. In 

yx(1—+)(1—No/N) of ( ( this case, as in case 1, = 1, and the last 

+ —1 ey /N term of Equation (33.1) becomes indeter- 

é (31) minate. The limiting expression for N, in 
Noss this case becomes: 


where = qa No/N)D./Di2 + No/N (32) Deel [ 

D./Dy2.—-1 For the case of balanced diffusion, in which 

(9 — (1 e-?) U= in €/n, Equation (37) reduces to 

(33.1) (36). 


6. Separation of Isotopes by Mass 
yx(1 — x) (€—n) (e798 — Diffusion Column 


This equation may be simplified somewhat by replacing No/N by’ its value 


(ny — — fe-0) — 


= 


N. 7) — Equations just shown have given the 


2 
N (n — €e—#¥) (1 —e-2) molal velocity of the light and heavy 


(33.2) components and separating agent as 
In these equations, functions of : 
D. —fe- y, mole fraction of light com- 
\ (34) ponent in light stream (on 
a separating agent-free 
These equations, together with (25), are the desired relations between the molal basis) 
velocities and the composition of the gas on the two faces of the screen. They mole fraction of light com- 
are so complex that the important features of the process are somewhat obscured. ponent in heavy stream on 
To bring out these features, two limiting cases of the solution will be treated. same basis 
These are: mole fraction of light plus 


heavy component in light 

1. Balanced diffusion, in which N, = —No, 
2. Equal diffusion coefficients, in which D,, = D,. mole fraction of light plus 

1. Balanced Diffusion. In balanced diffusion, there is no net transport of the heavy component in heavy 
mixture being separated from one side of the screen to the other, since the molal stream, and 
velocity of heavy component from the upstream to the downstream side of the screen U, reduced molal vélocity of all 
is equal to the molal velocity of light component from the downstream side to the ' 
upstream. Balanced diffusion is the preferred condition prevailing in the column type 
of mass diffusion. 


components through screen 


These equations will be used to derive 
In balanced diffusion: the theory of the performance of a col- 
i umn for the separation of isotopes by 
N/N=1 mass diffusion. 
and U = In€/n 


6.1 Separative Work. Mass diffusion 
In this case, Equation (33.1) reduces to: screen performs useful separative work 
by transporting light component from 
i the heavy stream to the light stream, 
_-—-—= where its mole fraction is higher, and 
; by transporting heavy component from 
N, is the negative of this expression, the light stream to the heavier. The 
An even simpler equation is obtained when the diffusion coefficients D, and Dy ‘ate at which separative work is per- 
are equal: formed on light component, per unit 


D In €/ screen area, is —RT)N,lny/x. The cor- 


D 
N, = — — — i D. 
+(5~ 


responding expression for heavy com- 
(36) ponent is 
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Fig. 6. Schematic 
flow through mass 
diffusion column. 
Quantities ex- 
Pressed on sepa- 
rating agent- 
free basis are de- 


Rp MOL FRACTION 
LIGHT Come’t.® 


MOL FRACTION LIGHT 


The total rate of performing separative 
work per unit area, W/A is the sum of 
these expressions, or 
W/A = —RT,[N, In y/x 
(38) 
The problem is to determine the value 
of y which makes this expression a 
maximum for given values of +x, », €, 
and U. To take advantage of the fact 
that y and x are nearly equal in the iso- 
tope separation case, it is convenient to 
let 
(39) 
fhere «< <1. Equation (38) may 
expanded in ascending powers of ¢: 


W 
ART, = «(Nox —N,(1 


2 
(Nes? +- 


(40) 
uations (33.1) and (33.2) may be 
t into the form: 

= ay — bx —cyx(1 —-+*) 
= (a—b)x + (ae 
(41.1) 
No 


+cyx(1—2) = (a—b)(1—s) 


—(ae— cy) #(1— +) 
(41.2) 
where 


(n— (1—e~") 


(42.1) 


(42.2) 
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and 


— (1 8) 
(42.3) 


When (41.1) and (41.2) are substituted 
into (40), and terms of higher order 
than ¢& and ey are dropped, there re- 
sults : 


ART, = N ( 3 — (a+ b)e) 
(43) 
This equation tells us that the sepa- 
rative work is positive for only a lim- 
ited range of values of «, between 0 
and 2cy/(a+ 6), and that it is a maxi- 
mum at 


Yopt. ~ * 


= cy/(a+b) 


(44) 


“opt. = 


At this optimum value of «, 


ART, 2(a +b) 


(44a) 


N a 


4 


r 


= + 


Ne yx(1—-x)be 
N 


a+b 
(45.2) 


6.2. Over-all Column Performance. It 
will next be shown how the optimum dif- 
ference between the composition of light 
and heavy streams, expressed by Equa- 
tion (44), may be realized in practice. 
To do this, the flow of material in a 
complete mass diffusion column is con- 
sidered. Such a column is represented 
schematically by Figure 6. The column 
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consists of a rectifying section, which 
increases the light component mole 
fraction from xp in the feed to yp in 
the tops, and a stripping section which 
reduces its mole fraction from +p to 
in the bottoms. 

For efficient operation, the downflow 
rate of the heavy stream, L, and the 
upflow rate of the light stream, V, are 
greatest at the feed point, and decrease 
toward the top and bottom of the col- 
umn. To bring this out, the column has 
been shown as having greatest width at 
the feed point and least width at the 
product ends. In a practical case, the 
increased flow at the feed point would 
probably be obtained by using a large 
number of columns in parallel at this 
point, and a decreasing number in paral- 
lel as the product ends of the plant are 
approached. 

To simplify the figure, the flow of 
separating agent into the light stream 
through the left face and the condensa- 
tion of separating agent from the heavy 
stream through the right face have not 
been shown. 

Conditions at a point in the stripping 
section where the mole fraction of light 
component in the heavy stream is x 
are represented in the figure. It is as- 
sumed that the column as a whole is so 
operated that the variables shown in 
Table A are constant throughout its 
length : 

TABLE A 


Light 
Stream 


Heavy 
Stream 


Flow per unit width 
Mole fraction separating 


through screen ........ 


In isotope separation, f, and fg are 
substantially equal and will be denoted 
by f. 

By material balance on light compo- 
nent, it is seen that 


Lx = Vy+ Brg (46) 


— 
(47) 
Thus, the difference in composition be- 
tween light and heavy streams may be 
brought to its optimum value by ad- 
justing the downflow rate L, to 


= 

Lope. + (48) 
where €,»;, given by (44), is independ- 
ent of x. 

It is next to be established that main- 
tenance of this optimum value of L re- 
quires operation with balanced diffusion, 
at which N, = —N,. A differential 
material balance on light plus heavy 
components in the heavy stream may 
be expressed as: 

dL 


(49) 
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Similarly, a differential material bal- 
ance on light component in the heavy 
stream may be expressed as: 


dA 


By combining these equations, 


_ Nyx(1—-)be 
(51) 
by using (45). 
_ dx dl 

obtained by differentiating cm it is 

seen that V, + Ng is given by: 

N,+N,= 


_ YN (4? + — 


= may be 


be 
— +4 — a+b 
(52) 
Thus, VN; = —Ng2, except for terms of 
the order of y. 

From (28) it is seen that N, = —Ny 
when U = In€/n. When this substitu- 
tion is made in the set of Equations 
(42), we obtain 


Balanced 
Diffusion 
1) In 
(53.1) 
€/n 
(53.2) 


Next, an expression for the total 
screen area in the stripping section will 
be derived from (51). By substituting 
for L its value from (48), for éog¢ its 
value from (44), and for N the value 


2 


Dp , 
7 in €/n, 


The term in 1/y may be neglected rela- 
tive to the term in 1/y*, and a, b and ¢ 
may be replaced by their values from 


(53): 
[+-3 
4BZ | 


It is to be noted that Equatjons (59), 
(60) and (61) give the minimum values 
of screen area, separating agent con- 


—1) in 


+p, 


(56) 


= 


(1—2rp) (+p — 
The function #(+p, +g) frequently ap- 
pears in the theory of isotope separa- 
tion, and is known as the separation po- 
tential. 

The total area for the rectifying sec- 
tion, producing D moles of tops at yp 
mole fraction, may be obtained by a 
similar treatment, so that the combined 
area for both sections, A, is given by: 


)| 


In \ 


— Sp) 


ln —— (57) 


sumption and work required for the 
specified separation when optimum val- 
ues of the downflow rate are used at 
each point in the column. 


6.3 Selection of Separating Agent 
and Optimum Operating Conditions. 


4 
A= 


Here (xp, yp) is the separation potential for tl 


Ba( xp, xp, 


(58) 


rectifying section, given by 


+P 


= 


(1 — 2rp)(¥p — tp) 
— +p) 
Since the separating agent consump- 
tion per unit screen area is 


Del 
No = 


the total separating agent consumption 
in the complete column, J = N,A is: 


x7(1—-x)* 
xp(1 — Yo) 


(59) 


To illustrate use of Equations (58), 
(60) and (61) in selecting a separating 
agent and choosing operating conditions 
(values of € and »), a specific separa- 
tion will be taken. Production is con- 


wel + Da( xp, 


(a+b) 


dA 


is obtained. 

The total screen area in the stripping 
section, Ag, is obtained by integrating 
this equation from the bottoms mole 
fraction, +g, to the feed mole fraction, 
ap: 


1+ 


A, = 
BZ 
n ybe 


(1= 255) +9) 


xp) 
} 


rp(1— 
(55) 


+ (1—2r,)ln — 


[ 


¥,(1 —*p) 
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ye 


| (a+b)Z 
(54) 


ybex(1 — x)D,pin 


Since the free energy dissipated in 
flow of one mole of separating agent 
through the screen into the heavy 
stream, where its mole fraction is 
1— is —RTJn(1 — €), the minimum 
total work expended in carrying out 
this separation, W, is 


W 


—1) | 


sidered of 100 g./day of carbon-13, 
90% pure, in 10% yield, by mass dif- 
fusion of natural methane, which con- 
tains 1.06% of C'¥H,: The flow rates 
and compositions of bottoms product, 
tops waste, and feed are given in Ta- 
ble B: 
TABLE B 
Mole Fraction Flow Rate, 
Ib. mole /see 
10-7 


D=1.848x 10" 


0.90 
0.0106 
= 0.00955 


in? 
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(61) 


= where 
dA 
|_| 
|| 
|_| 
|_| 
| 
or 1 
Tops 
i= 
+ —- 
|_| 
. 


The separation potentials for strip- 
ping and rectifying sections are 


Stripping, 

tp) 
Rectifying, 

¥p) = 0.0054 


The third factor in curly brackets in 
Equations (58), (60) and (61) is: 


Ba(+p,*_) + Da( xy, yp) 
= 2.028 X 10-5 Ib.mole/sec. 


This is a measure of the magnitude of 
the job of separation. 

Z, the effective diffusion length of the 
screen and ducts, will be taken as 0.111 
ft. 

It will be assumed that separating 
agent is supplied as saturated vapor at 
atmospheric pressure and that the screen 
is at the separating agent’s normal boil- 
ing temperature. Steam and carbon 
tetrachloride will be considered as al- 
ternative separating agents. Table 1 
lists the operating temperature for each 
separating agent, the coefficient of self- 
diffusion, Dj», for methane and the dif- 
fusion coefficient of methane into sepa- 
rating agent at this temperature, and the 
separability, y, of and C!*H, for 
each separating agent. 


= 88.3 


TABLE 1.—PROPERTIES OF MIXTUR 
OF METHANE AND SEPARATING AGENTS 


Carbon 
Tetra- 
Separating Agent chloride 
Normal boiling point, °F. 212 
Molecular weight 18 
\b.mole/(ft.)(sec.) 7.0 
10% pDia, Ib.mole/(ft.) (sec.) 7.0 
De/ Diu 1.00 


Steam 


This table shows that a separating 
agent with molecular weight above that 
of the substances to be separated has an 
advantage because of its higher separa- 
bility, but has a disadvantage because 
of its lower diffusion coefficient. 

For each separating agent, a pair of 
alues of € and » may be selected which 
inimizes either screen area, separating 
ent consumption, or work of separa- 
ion; it is impossible to minimize more 
an one of these at a time. This point 

brought out by Table 2 which for 


each separating agent lists pairs of val- 
ues € and » which minimize each of 
these properties in turn; this table also 
gives the screen area, separating agent 
consumption and work of separation for 
each pair of values of € and ». 

The condition € = 1, which is needed 
for minimum screen area and minimum 
separating agent consumption results in 
an infinite expenditure of work because 
of the need for very low temperatures to 
condense separating agent at this mole 
fraction. On the other hand, the con- 
dition € = 0, which is necessary for 
minimum separative work, leads to in- 
finite screen area and infinite separating 
agent consumption, because of the ex- 
cessively dilute mixtures treated on each 
side of the screen. In practice, a value 
of € corresponding to the lowest tem- 
perature attainable with available cool- 
ing water will be preferable. This leads 
to a value around € = 0.9 for steam or 
€ = 0.7 for CCl. The practical opti- 
mum value of » given in the table repre- 
sents a compromise between those which 
would result in minimum’screen area or 
minimum separating agent consump- 
tion at the practical optimum value 
of €. 

At the practical optimum values of 
€ and », the screen area needed with 
CCl, is somewhat higher than with 
steam, the higher separability with 
CCl, not quite offsetting its lower dif- 
fusion coefficient and lower boiling 
point. The weight rate of consumption 
of separating agent with CCl, is greater 
than steam because the higher molecu- 
lar weight of CCl, more than offsets 
its higher separability. The work of 
separation with CCl, is much lower than 
with steam because of the higher sepa- 
rability of the former. Nevertheless, in 
most practical cases steam would prob- 
ably be used as separating agent because 
of its low cost. On the other hand, in 
a large installation, in which fuel costs 
were important, the more efficient CCl, 
might be preferred despite its high cost. 


6.4 Column Dimensions. Selection of 
suitable clearances for the passages car- 
rying the light and heavy streams (W,, 
and Wy, Fig. 6) and an efficient flow 
rate, f, for these streams, expressed as 


moles per second per foot of column 
width, involves consideration of (1) 
pressure drops in the light and heavy 
streams, and (2) longitudinal back dif- 
fusion in these streams. The latter, if 
not controlled, will partially cancel the 
separation effected by the column. These 
factors will be taken up in turn, and 
used to derive two relationships be- 
tween permissible values of the clear- 
ances and flow rate. 

The light and heavy streams each set 
up a static pressure gradient depending 
on the gas density, and a friction pres- 
sure gradient, depending on the clear- 
ance and flow rate. It is desirable to 
choose such flow rates and clearances 
that the net pressure gradients in both 
streams are equal, thus maintaining a 
constant pressure difference across the 
screen. 

The pressure gradient, in pounds per 
cubic foot, in the heavy stream, flowing 
down, is: 

dP y 12fuy 
dH Maen 
(62) 


the first term being the static pressure 
gradient, and the second the friction 
pressure gradient, given by Poiseuille’s 
law. Similarly, the pressure gradient 
in the light stream, flowing up, is: 


If these gradients are to be equal, we 


must have: 


— 


MH AL | 
= W 15 
(64) 


The longitudinal gradient in mole 
fraction of light component dx/dH, 
gives rise to longitudinal, back diffusion 
of light component at the rate of f,’ 
moles per second per foot of screen 
width in the light stream, and equal but 
opposite longitudinal back diffusion of 
heavy component. f,’ is given by 


fr’ = (65) 


TABLE 2.—TOTAL SCREEN AREA, osranesine AGENT CONSUMPTION AND WORK OF SEPARATION AT 
OPTIMU: 


OPERATING CONDITIONS 


Production of 100 g. C*/day, 90% Pure, from Natural Methane 


Condition 


Mole Fraction 
Methane 


Heavy Stream Light Stream 
) (9) 


Separating 
Agent 
Screen Consumption, 
Area, sq.ft. Ib. /sec. 
(A) (JMe) 


Min. screen area 
Min. sep. agent 
Minimum work 
Practical optimum 


0.067 
0.28 
0.0 


36,700 
55,200 


43,020 
26,600 
42,600 


11.16 
9.09 


10.74 


25.2 
18.7 


30.4 


Min. sereen area 
Min. sep. agent 
Minimum work 
Practical optimum 


50,900 
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4 ; (63) 
Separability, y ....... 0.0158 0.0274 fm 
q 
529 
0.15 || 246 
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The loss in separative worl: due to this 
diffusive flow of light component, per 
unit screen area, is given by: 


= 
(66) 


dH 
Similarly, the loss in separative work 
due to diffusive flow of heavy compo- 
nent is: 
din(l—-x) 


—RT,(—fx’) 


dH 
_ dx 


) 2 

(67) 
When these equations are combined and 
added to corresponding equations for 
the loss in separative work in the heavy 
stream, there results for the total loss 
of separative work due to back diffusion 
per unit screen area, W’/A: 


W* _ RT,(Win + Wat) Dp (dx \? 
A 
(68) 


Since dr/dH = Edx/dA, f = L/E and 
dx/dA is given by (51) the loss in 
separative work may be written as: 


Ww’ 


+ (1 — +) 


As an example, it is assumed that the 
screen is 0.048 in. (0.004 ft.) thick, and has 
5% free area in the form of holes 10, 
(3.28 x 10* ft.) in diameter. The clear- 
ances should be kept as low as possible to 
minimize the diffusion length, Z. The heavy 
stream must, however, have a clearance of 
% in. (Wa = 0.042 ft.) or more, to pro- 
vide drainage for condensate. If the light 
stream clearance is also taken as % in. 
(Wi = 0.042), the flow per unit width, f, 
should be 6.6 10° Ib. mole/({ft.) (sec.) 
from (64). 

The effective diffusion length, Z, for lam- 
inar flow is: 


13 0.004 
P 4 = 35 (0.042 + 0.042) + 0s = O.111 ft. 


Under these conditions, the fractional loss 
in separative work, from (71), is 0.001, 
which is satisfactorily low. In fact, Ww 
and f could each be taken smaller without 
introducing serious back diffusion, but this 
might lead to mechanical difficulties in 
maintaining uniform clearances in the heavy 
stream. 

The pressure drop across the screen in 
this design example is calculated as follows. 
The permeability of the screen, defined by 
(5), is 3.035 10° Ib:nole/Ibsec. The 
molal velocity through the screen, 


D 
N= In 


is 1.39 10* Ib.mole/(sq-ft.) (sec.) The 
pressure drop is the ratio of the second of 


The ratio of the loss in separative work 
caused by back diffusion to the separa- 
tive work done by the screen is obtained 
by dividing W’/A by W/A, from 
(444): 
_ 2N(Win+ Wak) (De) 
Ww a+b 
(70) 
In balanced diffusion, N is given by 


Dip 
Z 


and a and b by (53.1) so that: 


In €/n 


(a+b)? (69) 


these to the first, or 4.56 Ib./sq.ft., or 0.88 
in. of water. 

Since the width of screen is given by 
E = L/f, it is seen that the optimum width 
in the stripping section is: 

B a+b 
Em = f [1442 cy 
(72) 
Since dx/dH = (L/f)dx/dA, the differen- 
tial equation for the optimum height is: 
dx / opt. ~ Nyx(l— x)be 
(73 


_ (Wint+ Wat) (Doe)? 


W 


An example will be given of the use 
of Equations (64) and (71) to set flow 
rate and clearances in separating C!*H, 
from C!%H, by diffusion into steam at 
atmospheric pressure. The conditions 
assumed given for the light and heavy 
streams are given in Table C. 


TABLE C 
Stream Light 
Mole fraction methane. . 
Temperature, * F. 


density, Ib.mole/ 


cu.ft. = 0.00204 p, = 0.00234 


(sec.) 
eDe, tb.mole/(ft.) (sec.). 
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The height of screen needed to enrich light 
component from #s to # is obtained by inte- 
gration: 
f(a+) 
Nabe 


= 
(74) 
For balanced diffusion with y< <1 and 
D. = Dy, these equations become : 
E __2B 
(75) 
and 
1 
Depry " 
(76) 


Hu = 
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Figure 7 is a plot of the optimum height 
of screen versus optimum width for the 
methane separation example under consid- 
eration. The striking feature of this plot is 
the relatively large amount of screen area 
at the feed point, decreasing toward zero 
as the product ends of the plant are ap- 
proached. The area under this curve 1s. the 
total amount of screen in the plant, given 
in Table 2 as 43,020 sqft. 

An actual diffusion separation plant 
would not be built as the single drastically 
tapered column illustrated by Figure 7. 
Instead, a large group of columns in 
parallel would be used at the feed point, 
with this group connected in series with 
other groups containing progressively 
fewer columns in parallel as the 
ends of the plant were approached. For 
example, if the screen in each column were 
a circular cylinder 50 ft. high and 7.6 in. 
in diameter (width per column, 2.0 ft.), 81 
columns in parallel would be used at the 
feed point. The next lower set of columns, 
in the 1570-1620 foot height interval, would 
contain 70 columns in parallel, etc. At the 
bottom of the plant a single column would 
suffice. 


Notation (Part 1) 
a= function of € and », Eq. 
(42.1) 
stage screen area, sq.ft. 
function of € and », Eq. 
(42.2) 
bottoms flow rate,* Ib.mole/ 
sec. 
function of € and », Eq. 
(42.3) 
= screen diffusivity, Ib.mole/ 
(sq. ft.) (sec.), Eq. (6) 
= screen permeability, lb.mole 
/(b.) (sec.), Eq. (4) 
diameter of holes in screen, 
ft. 
= tops flow rate,* Ib.mole/sec. 
diffusion coefficient of indi- 
cated pair of components, 
sq. ft./sec. 
mean diffusion coefficient, 
sq.ft./sec., Eq. (15) 
base of natural logarithms 
= screen width, ft. 
= flow rate per unit width,* 
Ib.mole/ ( ft.) (sec. ) 
back diffusion rate per unit 
width,* Ib. mole/(ft.) 
(sec.) 
= feed rate,* lb.mole/(sec.) 
acceleration of gravity, 32.2 
ft./(sec.) (sec.) 
mass velocity, Ib./(sq.ft.) 
(sec.) 
screen height, ft. 
flow rate of separating 
agent, Ib.mole/sec. 
of heavy 
mole/sec., 


= downflow rate 
stream,* Ib. 
Figs. 6 and 8 

= molecular 
mole 


weight, Ib. /Ib. 
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Fig. 7. Optimum dimensions of screen in mass diffusion column producing 
100 g./day of C's 


Purity = 90%; Feed concentration = 1.06%; Recovery = 10%. 


N = molal velocity, Ib.mole/(sq. 
ft.) (sec.) 

P = pressure, lb. /sq.ft. 

r = distance through screen, ft. 


R= gas constant, 1043 ft.lb./ 
(Ib.mole) (° R.) 
Re = Reynolds number, 2WG/p 
t = effective distance through 
screen, ft., fdr/d 
T, = temp. at which heat is re- 
jected, ° R. 
U =reduced molal velocity 
through screen, NZ/D,p 


v = mole fraction light compo- 
nent* within hole of 
screen, Figure 5 
V = upfiow rate of light stream,* 
Figs. 6 and 8 
W = clearance of duct, ft., Fig. 4 
W, = thickness of screen, ft., Fig. 
4 


W = rate of performing separa- 
tive work, ft.lb./sec. 

W’ = rate of loss of separative 
work due to back diffus- 
ion, ft.lb./sec. 
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the mole fraction of light 
component in heavy 
stream on _ separating 
agent-free basis, Figs. 5 
and 6 
= mole fraction of ith (jth) 
component 
=the mole fraction of light 
component in light stream 
on separating agent-free 
basis, Figs. 5 and 6 
effective diffusion length of 
screen and light and 
heavy streams, ft., Z, + 
diffusion length of heavy 
stream, ft. 
= diffusion length of 
stream, ft. 
separability, Eq. (14) 
function of molal velocities, 
Eq. (17) 
= measure of cemposition dif- 
ference between light and 
y-s 
= mole fraction of main com- 
ponents in light stream, 
Figs. 5 and 6 
fraction of 
open to flow 
= function of diffusion coeffi- 
cients and molal veloci- 
ties, Eq. (32) and (34) 
viscosity, Ib./ft.sec. 
mole fraction of main com- 
ponents in heavy stream, 
Figs. 5 and 6 
potential for 
section, Eq. 


light 


heavy streams, 


screen area 


= separation 
stripping 

(57) 
7(*p,¥p) = separation potential for rec- 
tifying section, Eq. (59) 
p = molal density, Ib.mole/cu.ft. 
¢@ = mole fraction of main com- 
ponents within hole of 

screen, Fig. 5 


SuBscripts : 


o = separating agent 

1 = light component, or hydro- 
gen 

2 = heavy component 

gp = bottoms or stripping section 

p = tops or rectifying section 

p = feed 

a = heavy stream 

L = light stream 


* On separating agent-free basis. 


The remainder of this article, describing 
the separation of isotopes in a cascade of 
mass diffusion stages and the extraction of 
hydrogen by mass diffusion, will appear in 
following issues of Chemical Engineering 
Progress. 
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SWEEP DIFFUSION GAS SEPARATION 


MARIO T. CICHELLI,t W. D. WEATHERFORD, JR., 


PROCESS 


PART I. 


and JOHN R. BOWMAN 


Mellon Institute, Pittsburgh, Pennsylvania 


MONG the methods available for 

separating the components of gas- 
eous mixtures, low-temperature distilla- 
tion, absorption, and adsorption are the 
commonly employed commercial means. 
Lately, considerable interest has been 
associated with the less common gas 
separation processes of thermal diffu- 
sion, gaseous effusion, and mass dif- 
fusion or atmolysis. Descriptions of 
each of these processes together with 
literature references are contained in a 
paper by Benedict (7).* In brief, ther- 
mal diffusion is the process whereby a 
concentration gradient is set up in a 
gas mixture as a result of the presence 
of a temperature gradient in the gas. 
Gaseous effusion is the process whereby 
a concentration difference is set up on 
opposite sides of a fine-pored membrane 
because of differences in the rates of 
effusion through the membrane of the 
components. 

In atmolysis, a readily condensable 
vapor is made to diffuse through a 
coarse-pored membrane opposite in di- 
rection to the diffusion of a gaseous 
mixture, and as a result, the component 
of the gas mixture having the higher 
diffusivity will appear in higher concen- 
tration on the side of the membrane at 
which the vapor enters. As Benedict 
points out, these less conventional proc- 
esses are irreversible by nature, and are 
characterized by low thermodynamic 
efficiencies. However, in certain cases, 
one of these latter processes may be 
more economical or more desirable than 
the conventional processes because of 
one or more of the following reasons: 
(1) simpler construction, (2) simpler 
operation under more moderate condi- 
tions, (3) lower holdup of valuable ma- 
terial, and (4) more eager separa- 
tion factor. 


*Contribution from Gulf Research & 
Development Co.'s Multiple Fellowship, 
Mellon Institute. 

t Present address: Du Pont Co. 

t Literature Cited will be published in a 
forthcoming issue of “C.E.P.” 
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In this paper a new gas separation 
process is described which has been 
given the name “sweep diffusion.” In 
the sweep diffusion process, a readily 
condensable vapor is made to diffuse 
through a mixture of gases toward a 
condensing surface. This flowing va- 
por carries or “sweeps” toward the 
condensing surface those components of 
the gas which have lower rates of dif- 
fusion through the vapor. 

Figure 1 shows the bare essentials of 
a continuous, single-stage sweep dif- 
fusion unit. A condensable vapor and 
a feed gas consisting of a mixture of 
two or more components enter the en- 
closure, one surface of which (in this 
case, the bottom) is cold. The vapor 
diffuses through the gas mixture and 
condenses on the cold surface. Two 
product gas streams are withdrawn 
from the enclosure, one farther from the 
condensing surface than the other. The 
stream farthest from the condensing 
surface is enriched in one component 
of the gas mixture while the other 
stream is enriched in a second compo- 
nent whose diffusivity through the vapor 


is less than the first component. This 
second component may be said to be 
“less diffusible” through the vapor than 
the first component, and it is, in effect, 
carried, or “swept,” to the condensing 
surface in greater proportion than the 
more diffusible component. 

Although a readily condensable vapor 
is usually the most satisfactory sweep- 
ing agent, any material which can be 
easily removed from the gaseous phase 
by processes such as freezing, absorp- 
tion, chemical reaction or adsorption 
can function in this capacity. 

Aerosols, such as smokes, may be con- 
centrated or precipitated by the sweep 
diffusion process. 

In general the single-stage process 
would be impractical for gas separation 
because of the small degree of enrich- 
ment ordinarily obtained. The enrich- 
ment can be increased either by connect- 
ing a number of such stages in cascade, 
or preferably, by causing two gas 
streams to flow countercurrent to each 
other, one of the streams being farther 
from the condensing surface than the 
other and in this way producing a col- 
umn process. 


X= Xp 


VAPOR 
SURFACE,"b” 


CONDENSATE 
Fig. 1. Cross section of single-stage sweep diffusion unit. 
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Although numerous devices may be 
ployed to produce the desired coun- 
current flow, it has been found con- 
ient to utilize a liquid stream flowing 
mward on a vertical surface to serve 
the dual capacity of a vapor-condens- 
surface and a means for producing 
lownward flow of the gas immediately 
jacent to it. Figure 2 is a schematic 
wing of such a sweep diffusion col- 
, in this case having a concentric 
arrangement for vapor entry and 

or condensing surfaces. The column 
wn consists of both an enriching 
section (above the feed point) and a 
stripping section (below the feed point). 
The porous vapor entry tube is located 
inside the liquid curtain guide tube, the 
annular space between the two cylinders 
serving as the region where gas separa- 
tion occurs. A feed entry tube inside 
the vapor entry tube permits feed gas 
mixture to be introduced into the annu- 
lar separating space at a position in the 
column where the gas composition is the 
same as the composition of the feed. A 
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Fig. 2. Schematic drawing of sweep diffusion column. 


liquid distributor located at the top of 
the outer tube permits uniform distribu- 
tion of the liquid flowing down the in- 
side wall of this tube. The exposed sur- 
face of the liquid curtain so formed is 
the vapor condensing surface. 

During operation of the column, the 
following actions take place. 


A liquid enters the liquid distributor at 
the top of the column, and is made to flow 
down the inside wall of the liquid curtain 
guide tube in a continuous film. A readily 
condensable vapor enters at the vapor inlet, 
passes downward into a coarse-pored vapor 
entry tube, and passes radially outward 
through the tube and annular space to the 
liquid curtain, where it condenses. The 
vapor entry tube serves merely as a means 
for introducing vapor throughout the col- 
umn length without causing undue turbu- 
lence in the annular working space. Feed 
gas is introduced into the working space 
at some point of elevation in the column, 
and gas product streams are withdrawn at 
the top and bottom of the column. 

At any elevation in the apparatus, the 
less diffusible component of the gas mix- 
ture is present in higher concentration, on 
a vapor-free basis, near the condensing sur- 
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face. The downward flowing liquid curtain 
drags with it the gas immediately adjacent 
to it. In the section of column above the 
feed gas inlet, at steady state, there will 
be an upflow of gas at any elevation equal 
to the sum of the downflow rate at that 
elevation and the top product flow rate. 
This gas stream flows upward near the 
outside wall of the vapor entry tube. At 
the top of the column, therefore, part of 
the upflowing gas stream reverses its direc- 
tion and flows downward adjacent to the 
liquid film while the rest flows out of the 
apparatus as top product. A similar action 
takes place at the bottom of the column. 
Part of the downflowing gas stream re- 
verses its direction and flows upward near 
vapor entry tube while the rest flows 
out of the apparatus as bottom product. 
Because of the cross-flowing vapor, the 
gas stream flowing downward near the 
water film is continually enriched in the 
less diffusible component in its progress 
down the tube while the gas stream flowing 
upward near the vapor entry tube is con- 
tinually enriched in the more diffusible com- 
ponent in its progress up the tube. In effect, 
the operation of this apparatus may be con- 
sidered as analogous to taking the single- 
stage unit of Figure 1, turning it on its 
side, and causing the gas in the enclosure 
to flow in two streams countercurrent to 
each other. In this manner, the single-stage 
process of Figure 1 may be converted into 
a column process, and, as in rectification, 
increasing the length of the column im- 
proves the separation. 


There are several obvious possible 
modifications in the basic design shown 
in Figure 2. For example, an outside 
jacket could be used for cooling the li- 
quid curtain, a parallel plate arrange- 
ment could be used rather than concen- 
tric tubes, and the relative positions of 
the concentric liquid curtain guide tube 
and vapor entry tube could be reversed. 
For difficult separations, long tubes may 
be used, connected to each other in series 
if necessary. To achieve a large capa- 
city, a number of identical tubes may 
be connected together in parallel in a 
tube bundle arrangement. 


Theoretical 


The theoretical treatment begins with 
the development of equations for the 
concentration profiles in a single-stage 
sweep diffusion process, passes on to the 
sweep diffusion column process, and 
ends with an extension of the theory 
of the column process to the case of 
the “tapered” plant. The theory has 
been restricted to the separation of bin- 
ary gas mixtures by means of a single 
sweep vapor. It has also been assumed 
that the gases in the separating zone 
obey the perfect gas laws. 


Single-Stage Apparatus. Figure 1 
shows the diffusional flow streams in a 
parallel plane, single-stage sweep dif- 
fusion unit. In the case where there is 
no flow of gas or vapor in a direction 
parallel to the vapor entry or condensing 
surfaces and equilibrium conditions 
prevail, the vapor diffuses through a 
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Fig. 3. Composition diagram for single-stage sweep 
diffusion unit. 


stagnant gas mixture and N, and N, 
are therefore both equal to zero. 

The Maxwellian (9) equations for the 
diffusion of a gas through a mixture 
of two other gases are: 


RT 
+ (Niho — 
(1) 


RT 
DyaP (Nopi — 


RT 
+ (Noho — Noha) 
(2) 


(Not: — NiPo) 


RT 
(3) 


Setting N, and Ng, equal to zero, 
Equation (1) yields 


pyNoRT 
(4) 


Integration of Equation (4), holding 
T constant, yields 


NoRT( 
DaP 


Pi = Piye (5) 
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Similarly, p. is given by 
NoRT(#—25) 
P2 = (6) 


Considering a known mixture of gases 
being separated by a given sweep vapor, 
the composition profile for each com- 
ponent may readily be calculated, given 
Po» No, Do, Doo and The 
value of fo, is the vapor pressure of 
the condensate. From the perfect gas 
laws, 


= — Po) (7) 


= P—Pi-— Po (8) 


Po 


p 
(9) 


At equilibrium in the single-stage 
apparatus, the ratio of the moles of 
more diffusible component to less dif- 
fusible component across an element of 
volume having a length equal to x, is 
the same as the ratio in the feed gas. 
Thus, 


0 90 80 70 6 8© 40 3 2 WwW O 
PERCENT OF DISTANCE FROM CONDENSING SURFACE 


Fig. 4. Composition diagram on vapor-free basis for 
single-stage sweep diffusion unit. 


Substituting Equations (5) and (6) 
into (9), and the result into (10), yields 
upon integrating and rearranging 


( Da? 
Po, 


(11) 


From Equation (11), the ratio of 
f1,/P2, is determined and the result is 
combined with Equation (8) (in which 
P and fo, are known) to yield the 
values of p,, and f2,. Equations (5) 
and (6) are then used to obtain p, and 
pf, at several values of +, and by use of 
Equations (9), curves may be drawn 
of mole fraction of each component 
versus the distance, x, from the vapor 
entry surface. 

Figure 3 shows a set of composition 
profiles for the separation of a mixture 
of hydrogen and methane using steam 
as the sweep vapor. The conditions 
used in calculating the curves shown in 
Figure 3 were as follows: 
vr = 0.51, vapor entry temperature = 
220° F. vapor condensing temperature 
= 90° F., steam diffusion rate = 2.76 
x 10-5 g.moles/(sq.cm.)(sec.), pres- 
sure = 1.217 atm. and #, = 0.6 cm. The 
diffusivity of steam through methane 
was calculated using Gilliland’s (4) 
equation : 


Ma” Me 


0.0043T15 V 
Dea = ~ 


, 
J 
: 
3 
| 
— 
and 
al 
i 
OP, _ 
ax 
ty 
; 
* 
0 (10) (12) 
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The value for the diffusivity of steam 
through hydrogen was obtained by mul- 
tiplying the International Critical 
Tables value at 0° C. by the ratio of the 
absolute temperatures raised to the 1.5 
power. The arithmetic mean tempera- 
ture of the vapor entry and vapor con- 
densing surfaces was used throughout. 

Figure 4 is a plot of the mole frac- 
tion of each gas on a vapor-free basis 
versus the percentage of the distance 
from the vapor condensing surface. 
Though apparently straight, the lines 
are actually curved, as may be proved 
by combining Equations (5), (6), (7), 
and (8) eliminating all variables except 
y and x. Differentiation of y with re- 
spect to # reveals that the slope is not 
constant, but is a function of x. Setting 
the second derivative equal to zero lo- 
cates a point of inflection on both curves 
in Figure 4 at their intersection (i.e., 
at y = 0.5). Examination of the equa- 
tions shows that this inflection point 
is a point of steepest slope in both 
curves. If the curves do not cross each 
other, such as would occur when the 
bulk gas composition is rich in one or 
the other component, then they do not 
pass through a point of inflection. 
Curves and portions of curves above the 
line where y = 0.5 are concave down- 
ward, while curves and portions of 
urves below y=0.5 are concave 
pward. 


Single-Stage Separation Factor. The 
paration factor in gas separation 
rocesses is analogous to the relative 
olatility in distillation. In the distilla- 
ion of binary mixtures, the relative 
olatility has been defined as the ratio 
f the mole ratio of the more volatile 
ymponent in the vapor to its mole ratio 
a liquid in equilibrium with the vapor. 
gas separation processes employing 
iffusion in the gaseous phase, the 
paration factor is the ratio of two 
jole ratios of gas mixtures which are 
a steady-state condition, but instead 
the mixtures of different composi- 
ms being in different phases, as in 
tillation, they are instead in different 
ations. The separation factor in 
rmal diffusion, gaseous effusion, mass 
usion, and sweep diffusion is the 
io of the mole ratio of the more 
usible component of the gas mixture 
at one location to its mole ratio at an- 
other location at steady state. In the 
single-stage sweep diffusion apparatus, 
the analogy of thermal diffusion has 
been carried over, and the locations 
chosen for definition of a°, the single- 
stage point separation factor, are the 
vapor-entry surface and the vapor-con- 

densing surface respectively. Thus, 

1 — 
(1 — ya") 

(13) 


where a® is defined for conditions under 
which there is no diffusion of 1 or 2 
in the x direction, and there is no con- 
vective flow parallel to the vapor entry 
or condensing surfaces. 

Combining Equations (7), (8), and 
(13), yields 


(ag) 
(Pip) (Pag) 
(14) 


Evaluating (~;,)/(?1,) by substituting 
x = 0 into Equation (5), and similarly, 
(P2,)/(P2,) by substituting + = 0 into 
Equation (6), the single-stage point 
separation factor is found to be 


— — 


( 1 1 
P Dea 


=e 

(15) 

For the numerical example presented 
above, a° = 2.94, 

In the single-stage process, there will 
usually be a temperature gradient in the 
x direction resulting in a superposed 
thermal diffusion separation and also a 
variation of D and T with x in Equa- 
tions (1)-(4). Calculations made 
wherein these effects were included indi- 
cate that they are secondary in magni- 
tude to the separation predicted by 
isothermal molecular diffusion and are 
usually in such a direction as to pre- 
dict a somewhat better separation than 
when they are neglected. The correction 
due to variation of D and T with x in 
the diffusion equations is normally so 
small as to be of negligible importance. 
In some cases, the thermal diffusion 
correction may be appreciable, and de- 
tailed consideration is given to this in 
the theoretical development for the col- 
umn process. 

In actual operation of a single-stage 
unit of the type shown in Figure 1, 
product streams are withdrawn, and 
there is flow of gas parallel to the vapor 
entry and condensing surfaces. In this 
case, the composition profile beyond a 
certain distance from.the feed entry 
point will be the same as for the case 
of no flow developed above. The prod- 
uct streams withdrawn would not have 
compositions equal to y,° and y,°, 
however. Instead they would have com- 
positions corresponding to average 
values of y over regions near the boun- 
daries. 


Column Process 


In the column process, besides estab- 
lishing a flow of vapor from an entry 
surface to a vapor-condensing surface, 
it is necessary to cause the gas adjacent 
to these surfaces to flow in streams 
countercurrent to each other. The 
theory has been developed for the case 
in which the countercurrent flow is de- 
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veloped by means of a flowing liquid 
curtain. Inspection of the pertinent 
equations will show what modifications 
would have to be made for the case 
where other means of producing coun- 
tercurrent flow are used. 

R. C. Jones and W. H. Furry (6) 
have treated in detail the theory of 
operation of thermal diffusion columns. 
Development of the theory of the sweep 
diffusion column process has in many 
places been made to follow the pattern 
used by Jones and Furry. 

In sweep diffusion columns, the ex- 
istence of a temperature gradient in the 
x direction causes additional separation, 
generally small, because of the phe- 
nomenon of thermal diffusion. In the 
development that follows, the thermal 
diffusion effect will be treated after the 
more important equations for separation 
by sweep diffusion have been treated. 

Turbulence in the separating zone 
tends to destroy whatever concentration 
gradients have been set up in the work- 
ing space, and the theory is therefore 
limited to the case where laminar flow 
prevails. As for the single-stage treat- 
ment, the argument is restricted to the 
separation of a binary-gas mixture, and 
it is assumed that the gas-vapor mixture 
follows the perfect gas laws. The 
parallel plane case is considered first. 


Derivation of the Transport Equa- 
tion. In a sweep diffusion column oper- 
ating under steady-state conditions, a 
material balance on the more diffusible 
component of the gas at any elevation 
above the feed point yields: 


Dyy = L(y! — y") + Dy — 11,4 
(16) 


where L is the convective downflow of 
vapor-free gas, y’ and y" are the mean 
mole fractions of the more diffusible 
component on a vapor-free basis in the 
upflowing and downflowing streams re- 
spectively, and 1,4 is the longitudinal 
diffusion of the more diffusible compo- 
nent down the column due to its concen- 
tration gradient. Equation (16) is the 
transport equation, or the equation of 
the operating line, for the enriching 
section of a sweep diffusion column. The 
first term on the right-hand side of 
Equation (16) is the net upflow of more 
diffusible component resulting from the 
difference in composition of the two 
streams, the second term is the upflow 
of this component due to the presence of 
a net vapor-free gas upflow rate equal 
to D in the enriching section of the 
column, and the last term is the down- 
ward diffusion of more diffusible com- 
ponent due to the concentration gradient 
in the z direction. A similar relation 
applies below the feed point. 

The aim of the development that fol- 
lows is to reduce Equation (16) to a 
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group of variables that can readily be 
evaluated experimentally, and then to 
solve the equation, so that it will be 
possible to relate the separation ob- 
tained in a column of certain dimen- 
sions, to the operating conditions of 
temperature, pressure, feed rate, feed 
composition, liquid curtain rate, and 
vapor rate. 


Evaluation of the Longitudinal Dif- 
fusion Term. Equation (1) may be 
used to evaluate 1,4 by replacing x by 
s, setting No, equal to zero, and letting 
N, = —No,. Thus, 


1 Os 
Diz (P — po) Da | 
(17) 


The coefficient of dy/dz in Equation 
(17) could be evaluated if the true mean 
value of fo, averaged across the work- 
ing space, were known. Since, in pro- 
perly designed columns, 7; 4 is much less 
than L(y! — y"”), a rather rough mean 
value of fo can be used without sacri- 
ficing any appreciable accuracy in Equa- 
tion (16). Thus, the value of py and E 
at « = 0.54, is satisfactory for Equa- 
tion (17). Also, the absolute magni- 
tudes of the net horizontal flow of the 
components of the gas are much smaller 
than that of the vapor, and hence it is 
satisfactory to use Equation (3) with 
N, and N, set equal to zero to evaluate 
the partial pressure of vapor at any +. 
Therefore, 


_ _ — Po) 
Ox Ox 
P Dor Dee 
(18) 


Rearranging Equation (18) and inte- 
grating between 0.5%, and holding 
y constant at a mean value, yields, 


and y is taken as the average value 
between the composition at the feed 
point and in the product. A rough 
estimate of y is adequate for use in 
Equation (20). The value of po is 
simply : 


po = P—P— po (21) 
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Fig. 5. Flow of gases and vapors in 
sweep diffusion column. 


Substituting Equations (19) and (21) 
into (17) affords 


RT| 


(23) 


Under ordinary operating conditions 
the magnitude of the longitudinal dif- 
fusion term (7,4) is negligible. 


Determination of (y' — y"™). Evaluat- 
ing y’ and y" at any elevation at points 
0.52, cm. apart (see Fig. 5), one obtains 
the approximation : 

oy 


yi = 05x, "| 


«= 052, 
(24) 


In justification of the assumption that 
the positions corresponding to the mean 
compositions of the upflowing and 
downflowing streams are 0.5%, cm. 
apart, a sample computation was made, 
and the error was found to be less than 
1%. If y varies linearly with x, as is 
nearly true in the single-stage apparatus 
(see Fig. 4), then Equation (24) is 


0.52,N RT 


yf — = 


1 
EP 
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exact, otherwise, it is a close approxi- 
mation. The evaluation of dy/dx at the 
position of no vertical flow (at *= 
mx,) would be more accurate but con- 
siderably more cumbersome than the 
recommended evaluation at 0.52). 
Analysis of the appropriate equations 
shows that the recommended procedure 
is slightly conservative. 

The problem now reduces to deter- 
mining the value of dy/dx. Solving 
Equation (7) for y, differentiating with 
respect to 2, and simplifying, 


dx (P—po) Ox 
(25) 


Since at steady state L and V are fairly 
constant along the column, there can be 
no net flow of vapor-free gas from one 
stream to the other. That is to say, Ny 
must equal —N,. Making use of this 
relationship, substitution of Equations 
(1) and (3) into Equation (25) yields 
dy _ _N,RT{ 1 

NoRTy NoRTy 1— *) 


~PDa P Des 
_ _NiRTpyf 1 
P(P — fo) \ Dos Da 


Combining N, terms and No terms, 


ox 
N,RT[_1 
P [Diy P= 
(27) 
Referring to Figure 6 at steady state, 


a material balance on a differential 
length of column yields 


+77) 
Dox Doo 


N,Edz = L — ds 
(28) 


The variation of dy/dz with respect 
to # is a second order effect of neglig- 
ible significance, and Equation (28) may 
therefore be rewritten ; 


Substituting Equation (29) into (27) 
and combining the result with Equation 
(24), one obtains 


1 1 


Po (52 ) dy 
Dy. Dou Doz} dz 


Lieuio 
CURTAIN 
I | 
| 
| 
oy 
: 
; | 
x0 xemx, 
(22) 
where 
Px,E (26) 
K 
) + Po, 
(19) 
where 
— L dy 
(29) 
(30) 


Vv 


wh, 


v 
L 


Fig. 6. Analysis of flows in differential length of column. 


where po and P— py are evaluated at 
x = 0.5%,, using Equations (19), (20), 
and (21); and y and 1 —y are again 
the average values between the composi- 
tion at the feed point and in the prod- 
uct. Use of these average values re- 
sults in negligible error in the finally 
integrated equation. 


Transport Equation Neglecting Ther- 
mal Diffusion. Equations (22) and 


(30) may now be substituted into equa- . 


ion (16) to yield 
Dyp = Hgy(1 — y) + Dy 


— (K, + Ke) + 


sion columns (6) is obvious. The 
difference lies in the values of the par- 
ameters Hg, K,, and Ky. 


Evaluation of the Downflow Rate, L. 
To obtain the downflow rate of vapor- 
free gas, L, in terms of readily measur- 
able quantities, it is necessary first to 
establish the velocity profile across the 
sweep diffusion working space. Since 
the gravitational head and the energy 
terms are negligible and laminar flow 
prevails, the difference in shear across 


Page 68 


0.5x,L3RT 1 
EP Dy 


Kg is given by Equation (23). 
The similarity of Equation (31) to 
transport equation for thermal dif- 


bo (1-y ¥ 
De 


an element of gas-vapor mixture of 
width d, is counterbalanced by the 
pressure drop across the element in the 
z direction. Thus, 


oP 

oz (34) 

At any elevation, the total pressure is 

practically independent of x. Equation 
(34) may be integrated to yield 


The following boundary conditions may 
be used to evaluate ¢, C2, and dP/dz: 
atx+=0, v,=0, 
at + = mx,, v, = 0, 
atxr=r,, v,=—U 


(36) 


where U is the linear velocity of the 


(33) 


gas at the gas-liquid interface, and 
x = mx, is the location of the plane of 
no vertical flow between = 0 and 
x = 

Substituting (36) into (35) yields the 
following parabolic equation for the 
velocity profile: 


_ — 
(37) 
Figure 5 shows a typical velocity profile 
at some elevation in a sweep diffusion 
column. The downflow rate L is given 
by: 
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Eu 
= RT (P — po) (— %) 
mr, 

(—w,)dx 
mr, 


Eu 
= RT (P — 


(38) 


To simplify the solution, a mean 
value for (P—po), designated as 
(P — po)" is used. This is taken as 
the value of (P — po) at the point mid- 
way between + = mx, and « = #,. In- 
tegrating Equation (18) between the 
limits #,(1+m)/2 and +, to obtain 
this midpoint value yields 


(P — po)" = P— Po» (39) 


where s is defined by Equation (20). 
Substituting Equations (37) and (39) 
into Equation (38) and integrating 
yields 
*,E"U (P — fo,) (2+ m) (1 — m) 
6RT 


(40) 
where for the parallel plane case, 
Eu = E, = E). 

The problem is now reduced to the 
evaluation of U and of m. 


Evaluation of U. To evaluate U, 
three assumptions are made: (1) the 
liquid curtain surface is smooth and 
devoid of ripples or waves, (2) there is 
no slippage at the liquid-gas interface, 
and (3) the velocity profile in the liquid 
phase is unaffected by the drag of the 
gas at the liquid-gas interface. The 
Reynolds number for the liquid is de- 
fined by: 

_ 4w 

(41) 
Since turbulence in the liquid film occurs 
at a Reynolds numbers of about 2100 
(2), the following equations result. 


Viscous Flow; Re, < 2100 


Re, 


For viscous flow, the average velocity 
of the liquid film (2, 5, 10) is given by: 
j2 


(42) 
where 1, the film thickness, is equal 
to w/pv,E,. Likewise, for viscous flow, 
a parabolic velocity distribution pre- 
vails in the liquid curtain, with the 
maximum velocity, U, equal to 1.5 v;,° 
Making these substitutions in Equation 
(42), one obtains 
si 15( (43) 
A more accurate value (than 1.5) for 
the ratio of the interfacial velocity to 
the mean liquid velocity may be used 
for Reynolds numbers in the range 25 
to 350 (3, 5). 
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4 

Vv 
‘ 
= ; 
7 F 
H 
x20 
d 
1 2 1, 
(31) 
here 
— 
4 
; 
| 
| 
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Turbulent Flow; Re, > 2100 
In the turbulent range, v,; may be cal- 
culated (2) by the ordinary Fanning 
equation, letting dF/dN = 1 for gravity 
flow. Thus, 
( 2qw )* 
(44) 
where f, the Fanning friction factor, is 
a function of Re, and may be taken 
from a standard plot of f vs. Re (10). 
Inspection of curves for the isothermal 
velocity profile in turbulent flow (10) 
indicates that a good approximation for 
the maximum, or interfacial velocity, U, 
is U=1.1v, Substituting this into 
Equation (44) yields 
2qw 
U=11 
(45) 


Evaluation of m. In order to evaluate 
m, the fraction of the distance towards 
the vapor-condensing surface at which 
there is no vertical flow, it is necessary 
to make use of a material balance on the 
vapor-free gas in the column. Consider- 
ing the enriching section of a column 
operating at steady state with top prod- 
uct gas being drawn off at the rate D, 
a material balance on the gas at any 
cross section yields: 


Taking the mean values of (P — fo) at 
the midpoints of streams / and //, one 
obtains from Equation (18) 


(P — po) = — fo» 

(P — fo)" is given by Equation (39). 

Equations (37), (39), and (48) are 

substituted into (47), which is then 
integrated to yield 


1 


+ 


UEs(P — 


(49) 
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The same equation applies to the 
stripping section except that (—B) is 
substituted for D in Equation (49). 
Figure 7 was constructed from Equation 
(49), and it enables one to read off m 
(which is identical to m’ for the parallel 
plane case) when the other quantities 
in Equation (49) are given. 

From Figure 7, and Equations (43) 
or (45), m and U are obtained and 
substituted into (40) for final evalua- 
tion of L. 


Consideration of Thermal Diffusion. 
Although normally the separation 
achieved in a sweep diffusion column 
due to the thermal diffusion effect is 
relatively small, it was considered ad- 
visable to determine theoretically the 
magnitude of this effect. 

Equations (1)-(3) relate the partial 
pressure gradient for each component 
of a three-component gas mixture to the 
diffusion of these components in the + 
direction. Where there is a tempera- 
ture gradient in’ the x direction, Equa- 
tions (1) and (3) are extended as 
follows : 


DF (Nips — 


RT ‘ 
_ — y) (P — po)? 
P Ox 


0¥Po(P — Po) dlnT 
P Ox 


(50) 


where a* is the thermal diffusion con- 
stant. The value of a*;, is positive if 
thermal diffusion causes component 1 
to concentrate in the hotter zone and 
negative in the reverse case. Where 
available, experimental values for the 
thermal diffusion constant should be 
used. If experimental values are not 
available, an estimate of the thermal 
diffusion “constant may be made by ap- 
plying Jones and Furry’s simplification 
of the Chapman equation, which defines 
a* as follows: 


105 Ms—-M,, 


(52) 


where Ry is the ratio of the actual value 
of the thermal diffusion constant to the 
value it would have for hard spherical 
molecules. Rp is usually positive; how- 
ever, in rare instances where Ry is 
negative, the higher molecular weight 
material is concentrated in the hotter 
zone. Inspection of experimental values 
of Ry obtained on gas mixtures similar 
to those under consideration enables 
estimating a value of Rq for use in 
Equation (52). 

To include the effect of thermal dif- 
fusion, Equations (50) and (51) are 
substituted into Equation (25), letting 
N, = —Ng, as before. The result is 
combined with Equation (24) and this 
latter result is substituted into Equation 
(16). The transport equation obtained, 
including the effect of thermal diffusion 
is 


oy 


Dyp = Hgy(1 — y) + Dy K 


0 


RT 
DaP (Not: — NiPo) 


RT 
+ (Noh: — Nobo) 


— Po) dinT 
P ox 


— y) Po(P — Po) 
P Ox 


(51) 


Hy 


where 
K=K,+Kg (54) 
Making use of the approximation, 
dln T/dx = —(T,—T, where 
T is the arithmetic mean temperature, 
Equation (53) may be rewritten 
oy 
dz 
(55) 


Dyp = Hy(l—y) + Dy — 


H = Hy+Hy (56) 


and 


= 0.5L(T, — Ty) [Po(a*10 — @%20) + (P — Po)a*s2) 
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PT 


RT 
o 
E(P Po) Us 
+ RT x=D 
b 
or, 
| 
== 
* DRT _ — y) [Po (a*10 — @*20) + (P — 
mt + (P — po)” vdx = = P Or (53) 
(7) 
“4 
l—m V s 
6DRT 


TOTAL REF 
T 


50) 


2 


In Equation (57), po and (P — po) 
re evaluated in the usual manner by 
eans of Equations (19) and (21). 

mparison of equations (31) and (55) 
ows that inclusion of the thermal dif- 
sion effect does not change the form 
if the transport equation. 


Solutions of the Transport Equations. 
Equation (55) is a first-order, first-degree 
differential equation whose variables are 
separable in the following manner: 


dy 
—nyo + y(1—n) 


where 


4 8 
m', FRACTION OF DISTANCE FROM VAPOR 
ENTRY SURFACE TO PLANE OF NO FLOW 


Fig. 7. Location of position of no flow in sweep diffusion working space. 
(Parallel plane case.) 


Exact Solution. Integration of Equation 

(58), satsifying the boundary. conditions : 
ats=0, y= yp 
ats=Z.. y= 
(60) 

yields 

b'HZ, _ 
tanh 


yo + yr — — yr) — 
(61) 
where 
= [(1+n)* —4nyo]* 
[(1 — n)* + 4n(1 — yo)]*% 

(62) 

Equations (61) and (62) combined 
with previous equations for the process 
constants enable calculation of the 
product purity, yp for a given product 
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rate, D, and feed composition, yg, in a 
sweep diffusion column of given dimen- 
sions having certain values for the 
process parameters H and K. They may 
be used also for calculating the product 
rate possible for a given product purity, 
or the length of column required for a 
given product rate and purity. Since 
trial-and-error solution is required for 
calculating product purity or product 
rate from Equations (61) and (62) 
several special solutions (6) are given. 


Solution for 0.3<y < 0.7. When y lies 
in the range 0.3 to 0.7 throughout the col- 
umn, y(1—~y) is practically constant at 
0.25 and Equation (58) has the simpler 
solution 


yo = + — 


Solution for y< <1 
_ yr(1 +n) 


+n 


yo= 
(64) 
Solution for (1 — y)< <1 


yo =1- 
(65) 


Equations (63), (64), and (65) are 
quite convenient for the range in which 
they hold in that they enable direct solu- 
tion for yp without trial and error. 


Solution for Total Reflux. At total re- 
flux, where D is zero, Equation (58) inte- 
grates to 

— yr) yr) = 
yr(1 — yo) 
(66) 

Consideration of the Stripping Sec- 
tion. Below the feed point the treatment 
is similar to that in the region of the 
column above the feed point. Thus the 
transport Equation (16) becomes 


= V(y" —y") + By 
(16s) 


Equations (17)-(19) remain unchanged. 
In Equation (20), y is taken as the 
average composition in the stripping 
section. In Equations (21)-(27) no 
changes are necessary. Equation (28) 
is rewritten as follows: 


which reduces to 

E ds 

In Equations (30), (32)-(33), L is re- 

placed by V. The value for V in the 

stripper is calculated from the value ob- 


tained for L from Equation (40) and 
the relationship, 


V=L-B 


N,= (29s) 


(67) 
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Equations (31) and (53) are rewritten 
with —B replacing D, and y, replacing 
¥p- Equations (34)-(45), (48), (50)- 
(52), (54), and (56) remain un- 
changed. In Equations (46), (47), and 
(49), —B replaces D. Equatior. (55) is 
rewritten as follows: 

oy 
By, = —Hy(1 —y) + By + K —— 
(55s) 


In Equation (57), L is replaced by 
V, and in Equation (58), n is replaced 
by —n, and yp by yg. Thus (58) and 
(59) become 

dy 
nyp + y(1—m) —y? 


where 


(59s) 


The new boundary conditions are: 


(60s) 


The various solutions for the transport 
equation as applied to the stripping section 
are the same as for the enriching section 
with the following changes: —n replaces n, 
ye replaces yo, —B replaces D, and —Z, 
replaces Z., keeping in mind the new defi- 
nitions for the quantities n, H, and K just 
discussed. 

The solutions for the various cases which 
have already been treated for the enricher 
are presented below: 


Exact Solution 


tanh HZ. 
2K va + Yr 


—n yr — ya) — 2yayr 
(61s) 
= [(1—m)* + 4nys] % 
= [(14+n)* —4n(1 — ye) 
(62s) 
Solution for 0.3 < y < 07 


Solution for y< <1 


—n) 


y= 


Solution for (1—y) << <1 
(1 — yr) (1 +n) 


np 


(65s) 
Solution for Total Reflux 


ya(1 — yr) 
yr(l — ye) 


= 
(66s) 
Evaluation of yp. Study of transport 


Equations (16) and (16s) reveals that 
the term y in Equation (16) is actually 
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y' while in Equation (16s) it is y". 
This means that in the solutions of 
Equation (16), the term yy refers more 
properly to yp’, the composition of the 
upflowing stream at the feed point while 
in the solutions of Equation (16s), yp 
refers to yp", the composition of the 
downflowing stream at the feed point. 
For difficultly separable materials, such 
as mixtures of isotopes, this distinction 
has no effect on the calculated results. 
For easier separations, such as hydro- 
gen-hydrocarbon gas mixtures, it would 
normally be necessary to observe this 
distinction. For example, if the feed is 
introduced into the upflowing stream, 
the yp in Equations (61)-(66) is set 
equal to the composition of the feed gas, 
since for proper design this composition 
should equal the composition of the 
stream with which it is being mixed. 
The value of yp to be substituted into 
Equations (61s) to (66s) is then calcu- 
lated by a material balance on the en- 
richer, as follows: 


D 
(67a) 


Corrections for Annular Working 
Spaces. The equations developed above 
apply strictly to separating zones 
bounded by parallel plane vapor entry 
and condensing surfaces. Corrections 
that should be made for concentric 
cylinder vapor entry and condensing 
surfaces are of interest because this 
arrangement has certain design advan- 
tages. The curvature of the central 
member is never as extreme as that of 
the hot wire thermal diffusion column, 
for in sweep diffusion the central mem- 
ber must serve either as a tube for vapor 
entry or as a surface on which vapor 
may condense. Thus, the recommended 
corrections due to curvature are of a 
gross nature and do not take into con- 
sideration the change in vapor flow rate 
per unit area in the x-direction 

The vapor flow rate per unit area, No, 
is calculated on the basis of the arith- 
metic average area of the vapor entry 
and condensing surfaces. The column 
width, E , in Equations (23), (30), and 
(33) is taken as the arithmetic average 
circumference of the vapor entry and 
condensing surfaces. 

The principal effect of curvature of 
the vapor entry and condensing surfaces 
appears in the evaluation of m and L. 
Thus, Figure 7 applies strictly to the 
parallel plane case. For annular work- 
ing spaces, it is recommended that E 
be taken as the arithmetic average cir- 
cumference to evaluate thé ordinate of 
Figure 7. The m’ obtained is the ratio of 
cross-sectional area of the upflowing to 
the downflowing stream, if the working 
space were not curved. To correct for 


Chemical Engineering Progress 


curvature, an m is calculated which 
gives the same ratio of these areas for 
a space bounded by vapor entry and 
condensing cylinders of diameters D, 
and D,, respectively. The resulting 
equation is: 

[(1 — m’) + m’D,*)* — Dg) 


| 2x» | 


where use of the absolute, or positive, 
value permits application of this equa- 
tion to cases where D, is greater or 
less than D,. Equation (68) applies to 
either the stripping section or the en- 
riching section. The valué of m ob- 
tained from Equation (68) is used in 
Equation (40). 

The other correction for curvature is 
in the value of E” used in Equation 
(40). For the parallel plane case, 
=E = For curved sur- 
faces, E™ is taken as the circumference 
at a central point in the downflowing 
stream. A good approximation is the 
midpoint position = +m) /2. 
Thus, if Ey > E, 


EM = EB, —#x,(1 —m) 
and if Ey < Eg, 
EN = Ey + —m) 


(69) 


(70) 


Distillation Analogy. There is a for- 
mal mathematical analogy between the 
theories of sweep diffusion and of dis 
tillation. By proper choice of the para- 
meters, the equations of performance in 
sweep diffusion are the same as in dis- 
tillation. 

As is demonstrated later, the thermal 
diffusion effect (Hy) is generally small 
in a properly designed sweep diffusion 
column, and for simplicity, it will be 
assumed negligible in this section. 

The separation factor, a, for the col- 
umn process is herein defined as fol- 
lows : 


_ 


(71) 


under conditions of no diffusion of com- 
ponents 1 or 2 along * and no convec- 
tion along z. Since the average stream 
compositions, y’ and y™ are located at 
points approximately 0.52, cm. apart, 
integration of Equation (4) and its 
counterpart in fp, yields 


| 
(58s) 
R 
H 
at zs = 0, 
ats=-Z, | 
|| 
|| 
4 
1 — . a = 
4n 
(63s) 
(64s) 
(72) 
and 
pa! 
2 =, 
(73) 


(74) 


Combining Equations (74) and (32) 
affords 


a = or, = Ina 
(75) 


For operation at total reflux, the 
Fenske (8) equation yields 


= yr) 
yr(l—yp) (76) 


where H, is the height equivalent to a 
theoretical plate. 
Combining Equations (66) and (76), 
one obtains 
ina H 


Ay K (77) 
Since thermal diffusion is neglected, 
H = Hg. Combining Equations (77) 
and (75), 


L (78) 
For the stripping section, L is replaced 
oy V in Equations (75) and (78). 
The transport equation may be writ- 
ten in terms of a and H, by combining 
Equations (75) and (78) with Equa- 
tion (55) to yield 
oy 
oz 


A, 


= (Ina)y(1—y) -9) 
(79) 


For the stripping section, 


B 
= (na)y(1—y) — — 
(79s) 


here in equation (79s) H, = K/V and 
a> H,/V. 

A material balance on the column 
ields, for the composition change 
across any theoretical plate in the en- 
richer, 


D 


(80) 


The coefficient of y(1— y) in Equa- 
tion (80) has a maximum value of 
(a—1) when y= 1 and a minimum 
value of (a—1)/a when y = 0. These 
values lie on opposite sides of the value 
for Ina appearing in Equation (79) 
and approach each other as a approaches 
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one. Under conditions where a is close 
to unity, comparison of (79) and (80) 
reveals that H,dy/dz approaches Ay, or 


(81) 
This states that the slope of the compo- 
sition vs. height curve equals the incre- 
ment in y divided by the increment in z 
when the enrichment per theoretical 
plate is small, ie., when a is nearly 
one. 

Equation (80) may be solved by the 
McCabe-Thiele graphical method (10) 
used in distillation. Thus, for any a, 
D, L, yp and yp, the number of theoret- 
ical plates required may be stepped off 
in the usual manner. When a is close 
to unity, the height of column required 
may be obtained by multiplying the 
number of theoretical! plates obtained by 
graphical solution by the height equiva- 
lent to a theoretical plate. However for 
large values of a, H, is no longer equal 
to Ay divided by dy/dz, and it is neces- 
sary to utilize the accurate solutions to 
the differential equation as presented in 
Equations (61)-(66). 


Ay 
dy/dz 


Treatment of Multiple Surface Units. 
In an apparatus employing a number 
of surfaces connected in parallel, such 
as tubes mounted in tube sheets, no 
change in the equations is required. The 
values of L, V, E, F, D, and B, how- 
ever, must represent summations of each 
of these quantities for all the tubes. 


The Tapered Plant 


The preceding section on the column 
process applies principally to single 
section, “untapered” units. In such units 
there may be numerous tubes in parallel, 
but the total gas reflux rate at any posi- 
tion along the unit is constant. In a 
tapered unit, the gas reflux rate is 
smaller near the product ends of the 
unit. This would normally be effected 
by reducing the number of tubes in 
parallel as the product ends of the plant 
are approached. Sweep diffusion plants 
of untapered design are applicable 
mainly to the rough separation of easily 
separable materials. Where sharp 
separations are desired, or where the 
materials to be separated are difficultly 
separable, the untapered plant is waste- 
ful of power and has a long start-up 
time. 

In the development that follows, the 
effect of thermal diffusion and longitud- 
inal diffusion are assumed to be neg- 
ligible. Besides this, f,, which equals 
L/E, is assumed constant at all points 
along the enricher, and f¥, equal to V/E, 
is assumed constant at all points along 
the stripper. This means that variation 
in L or V with z is achieved by varying 
E, which may be done by changing the 
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number of identically operating tubes 
connected in parallel at different points 
along the length of the plant. 


Optimum Reflux Rate for Minimum 
Surface. The total vapor entry surface 
in the enriching section of a sweep dif- 
fusion unit is given by 


0 (82) 


where E is permitted to vary with g 
in some manner. Combining Equation 
(82) and (79), the enriching section 
surface is given by 


A,= 


H,Edy 
(Ina)y(1—y) 
(83) 


where L has been replaced by Ef,;. For 
a given +» No T, P, Dow Doo and Di» 
a is a constant. Likewise, substituting 
Equation (33) into (78) reveals that 
the variation of H, with y is small, and 
hence for a given D and yp, the only 
variables under the integral sign in 
Equation (83) are E and y. The func- 
tion E(y) which minimizes the surface 
required and therefore, also, the energy 
required (to generate vapor) is that 
function which makes the integral a 
minimum. This has been shown by 
Jones and Furry, and by Benedict, to 


2D(¥p — ¥) 


= fr(ina)y(1 —y) 


(84) 


where, in their equations, a — 1 appears 
in place of Ina. Rewritten, 


2D (yp — ¥) 


L 
(Un 


(85) 
so that the ideal plant is tapered in 
order to provide smaller and smaller 
reflux rates as the product end of the 
unit is reached. 

By setting dy/dz equal to zero in 
Equation (79), a minimum reflux rate 
can be calculated at any value of y, 
which is given by 


D(yp — 
(Ina)y(1—y) (86) 


Comparing Equations (85) and (86) 
shows that for the ideal tapered plant, 
the optimum reflux rate is everywhere 
twice the minimum reflux rate. The 
same relation holds for the stripping 
section, where the reflux rate is defined 
as V. Thus, 


Lain = 


E = __2B(y— ya) 
(84s) 
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so that 
= 
} 
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Be 


— Ya) 
(Ina)y(1—y) 
(87) 


Vout = Vein = 


Calculation of Surface Required in 
Ideal Tapered Plant. Substituting Equa- 
tion (85) into (83), simplifying, and in- 
tegrating, one obtains 


Vp) 


(D = 0) for the same values of « and 
H,. Thus the total height of the plant 
Z, is twice the height required to per- 
form the separation at total reflux. The 
height at total reflux, Zig, is obtained 
by dividing Equation (66) by (66s) to 
yield 

(yp) (1 — 


= —yp) (92) 


yo(1~ yr) 


A,= 


y¥r(1 — yp) 


4DH, (yp —3 


2yp)In 


yril—yp) | (88) 


By similar arguments, in the stripping section 


A, = 


(1 —2y,) In — 


a)? ¥r(1 — yp) 


where for the stripper, H, = K./V, fr 
= V/E, and In a = H;/V. 


Evaluation of Total Surface Re- 
quired. In both the stripper and the en- 
richer, a is given by Equation (74), 
and since in the design under considera- 
tion, Ng and the other quantities in 
Equation (74) are constant, the values 
of a in Equations (88) and (88s) are 
identical. The equation for H,/f, in the 
enricher is the same as that for H;/fy 
in the stripper. The value in each case 


is given by 
H, _ 05%,RT[ 1 + 
fr P | Dia 


The values of fy and y are different 
for the stripper and the enricher, but 
in such a direction as to compensate 
somewhat for each other. For separa- 
tions of components whose diffusivities 
are nearly equal, a single value of the 
quantity (89) is satisfactory for any 
assumed value of y- For mixtures of 
dissimilar gases, the evaluation of (89) 
at y = (yp + ¥p)/2 serves as a satis- 
factory average for both the enricher 
and the stripper for ordinary computa- 
tion. Using a single value for H,/f, 
in the enricher and stripper enables one 
to simplify the sum of Equations (88) 
and (88s) to obtain for the entire unit 


Yr) | (88s) 


Thus, for the ideal tapered plant, the 
total height is given by 
2H; In — yx) 
Ina — yp) 
(93) 
Likewise, at any elevation in the en- 
richer above the feed point, 
2H, ¥(1—yp) 
na" (94) 


Z, = = 


+ 
P— Po Dos 


and in the stripper, 


—2H, ,, 


Minimum Vapor Requirements and 
Minimum Total Area for Ideal Tapered 
Plant. The total vapor consumption rate 
in the ideal tapered plant is equal to the 
product NoA,, where A, is given by 
Equation (90). If one is considering 
performing a certain separation, the 
quantity in the brackets is fixed, and the 
total vapor rate is proportional to 


A, = 4, +4, = 


yr(1 — yp) 


4H, yo(1 — yp) 


where H,/f;, is a mean value calculated 
at the arithmetic average of the top and 
bottom product compositions. 


Height of Ideal Tapered Plant. By 
combining Equations (79) and (85), it 
is readily shown that for the ideal tap- 
ered plant 

_ (Ina)y(1—y) 
2H; (91) 
which is one-half the concentration 
gradient for operation at total reflux 


Vol. 47, No. 2 


NoH,/f,(ina)?. From Equations (74) 
and (89), one obtains for this quantity 


| 


* NoHy / 


*pNo 


Fig. 8. ¢@ vs. 2.N. for ideal tapered 
plant. 


Restricting Equation (95) to the con- 
sideration of the separation of a certain 
binary gas mixture with a certain sweep 
vapor, operating under known conditions 
of temperature and pressure, it is noted 
that the only variables remaining in 
Equation (95) ate #,, No, and fo. In- 
spection of Equations (19)-(21) shows 
that fp is a function of the product 
*,No. Returning to Equation (95), it 
is obvious that the total vapor rate re- 
quired to perform a certain separation 
in an ideal tapered plant is a unique 
function of the quantity 2,N>o. At 
different assumed values of *#,No, values 
of the quantity ® may be determined, 
and a curve may be plotted as shown 
in Figure 8. The minimum vapor con- 
sumption occurs at the point, [(#,No)’, 
®’|, where the curve goes through a 
minimum. 

It is desirable to know also at what 
values of #,, and Ny the total area re- 
quired is a minimum. From Equations 
(90) and (95), A,, the area required, is 
proportional to ®/No. For any diffu- 
sional distance, +), it is possible to 
evaluate the conditions for minimum 
total area by taking the first derivative 
of ®/No with respect to No, and setting 
it equal to zero. Proceeding from the 
relation that ® is a function of #,No, 
one obtains, at minimum area, 


Neo (96) 
Since x, is being held constant, Equa- 
tion (96) may be rewritten : 
(97) 
Referring back to Figure 8, it is appar- 
ent that the conditions for minimum 
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area in the ideal tapered plant corre- 
spond to the point at which a straight 
line going through the origin is tangent 
to the curve. This point is designated 
by the coordinates [(+,No)”, ®”]. The 
*,No for minimum area is obviously 
not the same as the +,Ny for minimum 
vapor consumption. The area required 
under the conditions of minimum area is 
proportional to 


o” [ 
No (4No)” 


= (const.) 
(98) 


so that it is apparent that the minimum 
area required is proportional to the dif- 
fusional distance *,. Lowering the value 
of x, reduces the area required without 
affecting the total vapor consumption, 
provided that No is permitted to increase 
in inverse proportion to x, so as to keep 
their product constant. Practical design 
considerations will place a lower limit 
on the value of x, that can be used. 
Economic factors will determine 
whether to operate under conditions 
closer to (+,No)’, where the vapor con- 
sumption is a minimum, or closer to 
(*,No)”, where the area is a minimum. 


Choice of fy, or fy. It is apparent 
from. Equation (95) that neither the 
vapor rate nor the area of vapor entry 
surface required is affected by the choice 
of fy, or fy in ideal tapered plants. 
However, there is an upper limit on the 
value of these quantities above which 
eddies in the separating zone become ap- 
preciable. Variation below this limiting 
value changes the width and height of 
the plant in opposite directions. Thus 
large values for f;, and fy result in long, 
narrow plants while small values result 
in short wide plants. 


Notation 


A = area of vapor entry surface, 
sq.cm. 
B = bottom product 
moles /sec. 
D = diameter of tube, cm. 


D = top product rate, g.moles/ 


b sec. 
Yor 
D 


rate, g. 


= diffusivity, sq.cm./sec. 
base of natural logarithms 


width of column perpendic- 
ular to x direction, cm. 


Fanning friction factor 
L/E 
V/E 


= feed rate, g. moles /sec. 


g = gravitational constant, 980 Ye 


cm./(sec.) (sec. ) 
H = Hg + Hy(g-moles) /sec. 


= transport coefficient for 
sweep diffusion, g.moles / 

sec. 
coefficient for 
diffusion, g. 


= transport 
thermal 
moles /sec. 
= height equivalent to a theor- 
etical plate, cm. 
= enthalpy change of vapor, 
cal./g.mole 
= K,+K, 
coefficient for convection 
term in sweep diffusion, 
(cm.) (g-moles ) /sec. 
coefficient for longitudinal 
diffusion term in sweep 
diffusion, (cm.) (g. 
moles) /sec. 
thickness of liquid curtain, 
cm. 
downflow rate of vapor-free 
gas, g.moles/sec. 
fraction of gistance from 
vapor entry surface to 
point of no vertical flow 
molecular weight 
rate of diffusion, g.moles/ 
(sq.cm. ) (sec. ) 
n= D/H 
Pu 
fo = partial pressure of one com- 
ponent of gas-vapor mix- 
ture, atm. 
P = total pressure, atm. 
R= gas constant, 82.06 (cc.) 
(atms.) /(g. mole) (° K.) 
Re, = Reynolds number of liquid 
Re, = Reynolds number of gas 
Ry = ratio of actual value of 
thermal diffusion constant 
to value it would have for 
hard spherical molecules 
standard cubic feet per hr. 
measured at 32° F. and 1 
atm. 
defined by Eq. (20) 
abs. T., ° K. 
gas velocity at the gas-liquid 
interface, cm./sec. 
average liquid velocity, 
cm. /sec. 
upflow rate of vapor-free 
gas, g.moles /sec. 


molecular volume 

flow rate of liquid curtain, 
g./sec. 

distance from vapor entry 
surface, cm. 


You 
Yar Yo» 
Yp, Yr = mole fraction of more dif- 
fusible component of gas 
on a vapor-free basis 
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mole fraction of components 
1, 2, and 0, respectively, 
on a total gas-plus-vapor 
basis 

= vertical distance, cm. 

length of column between 
feed point and product 
withdrawal point, cm. 


Yu Ya Yo 


Greek Letrers: 
sweep diffusion single-stage 
point separation factor 


= separation factor for sweep 
diffusion column process 


= thermal diffusion constant 
column efficiency 
defined by Eq. (95) 
= viscosity, poises 
p = density, g./cu.cm. 
T,4 = diffusion of more diffusible 
component down column, 
g-moles /sec. 


SUPERSCRIPTS : 


° = conditions of no gas con- 
vection in z direction and 
no diffusion of gas (1 or 
2) in x direction 

average conditions in up- 
flowing stream 


average conditions in down- 
flowing stream 


a bar above a letter, refers 
to a mean value 


Supscript RErers To: 


= vapor 
= more diffusible gas compo- 
nent 


less diffusible gas compo- 
nent 


= vapor entry wall 
vapor-condensing wall 
bottom product 
convection 
top product 
diffusion 
enriching section 
= feed gas or feed location 
gas 
liquid 
s = sweep diffusion 
= stripping section 
7 = thermal diffusion 


The remainder of this article, present- 
ing experimental data and discussing 
the application of sweep diffusion to the 
separation of isotopes and the purifica- 
tion of hydrogen, will appear in follow- 
ing issues of Chemical Engineering 
Progress. 
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LIQUID METAL HEAT-TRANSFER 
COEFFICIENTS’ 


RICHARD N. LYON 


Oak Ridge National Laboratory, Oak Ridge, Tennessee 


| NTEREST in the use of liquid metals 
as heat-transfer media has grown 
because of their high boiling point and 
their resistance to thermal decomposi- 
tion. Qualitatively it has also been 
recognized that the heat-transfer coeffi- 
cients with liquid metals are higher than 
with any other fluid for a given system 
and pumping power. However, the few 
experimental data presented in the liter- 
ature have shown that liquid metal 
heat-transfer coefficients cannot be pre- 
dicted with assurance by the standard 
equation for ordinary fluids. 

Such expressions as the Colburn and 
Dittus-Boelter equations have been de- 
veloped empirically over a Prandtl 
modulus range of less than two and a 
half orders of magnitude beginning 
only slightly below a Prandtl modulus 
of one. Liquid metals may have Prandtl 
moduli as low as .005, or almost two 
and a half orders of magnitude below 
the range used in developing the usual 
relationships. As a result there is no 
justification in believing that these ex- 
pressions will apply for liquid metals. 

The current concept of turbulent flow 
in a tube is shown qualitatively in 
Figure 1. A thin laminar or viscous 
region in which no turbulence or eddy- 
ing takes place occurs adjacent to wall. 
All conduction of heat and momentum 
is by molecular motion (and by electron 
motion in the case of liquid metals). 

Between this layer and the turbulent 
core is a buffer region in which the 
velocity distribution is determined by the 
combined action of molecular and eddy 
diffusion of momentum toward the wall. 
In the turbulent core the velocity distri- 
bution, by definition, is controlled by the 
eddy diffusion of momentum. 

Numerical comparison of the conduc- 
tivity of heat with conductivity of mo- 
mentum or viscosity can be accom- 
plished by converting to units of dif- 


t This work was carried out at Oak 
Ridge National Laboratory which is oper- 
ated by Carbide and Carbon Chemicals 
Corp. for the Atomic Energy Commission 
under Contract No. W-7405, eng. 26. 
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fusivity, (length)? per time. Thermal 
conductivity divided by the volume heat 
capacity represents thermal diffusivity ; 
and kinematic viscosity, or absolute vis- 
cosity divided by density, represents the 
diffusivity of momentum. 

The ratio of molecular diffusivity of 
momentum to molecular diffusivity of 
heat for a given fluid is represented by 
the Prandtl modulus: 


The corresponding ratio for eddy 
diffusivities, following the example of 
Martinelli (7), will be assumed to be 
a constant, 1/a; thus 

= (2) 

In the bulk of the following discus- 
sion, a will be assumed to be unity, and 
most heat-transfer evidence leads to this 
conclusion. In view of some uncer- 
tainty on this point, however, a will be 
carried through the general mathemat- 
ical development which follows. 


Fig. 1. Qualitative 
ature distribution _in 
Prandtl moduli. 


temper- 
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Again referring to Figure 1, the curve 
marked “Pr = 1" may be thought of as 
picturing qualitatively the temperature 
distribution in a cooling tube under 
given conditions where the fluid has a 
Prandtl modulus of unity. Such a situa- 
tion is approximated by a gas and by 
high temperature water. It also repre- 
sents the shape of the velocity distribu- 
tion, although, of course, inverted. 

The upper curve represents the tem- 
perature distribution for most liquids 
where the Prandtl modulus is greater 
than one—poor molecular diffusivity of 
heat compared with momentum. Here 
the temperature distribution curve de- 
viates from the velocity distribution 
curve in the buffer region, because of 
the low influence of molecular diffusiv- 
ity of heat. 

The temperature distribution curve 
for liquid metals or other fluids with 
high molecular diffusivity of heat and 
hence Prandtl modulus less than unity 
is represented by the lowest curve. In 
this case the effect of high molecular 
diffusivity (and electron diffusivity) of 
heat will be pronounced even in the 
turbulent core. For low Prandtl modu- 
lus at moderate Reynolds modulus, the 
eddying may not control completely heat 
flow even near the center of the tube. 

Reynolds (12), in his derivation, 
assumed that turbulence extended to the 
wall and that a was unity. On this basis 
he did not require a knowledge of the 
actua! velocity distribution. 

Relating fluid friction to heat trans- 
fer, he obtained 


Nu =-L Pr (3) 
Using a rough empirical equation (6) 


for the friction factor, f, this may be 
written 


023 Re®-Pr 


. 
j Pr = —- — = 1 
k p k (1) 
3 
Wy 
Pr> 
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Prt | 
| 
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| 
| 
i, | | 
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Nu = Re - Pr 
of various (4) 
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CONTROL PANEL FOR NaK HEAT-TRANSFER SYSTEM 


Shows heater controls; multipoint temperature indicator; indicator and amplifier 
for electromagnetic flowmeter; catch tank probe relay system and timer; sump 
tank level indicator; protective gas pressure indicator and controller; system flow 


control valves; cooling oil controls for packing glands, 


and evaporator-cooler 


control valves. 


VIEW FROM LEFT OF PANEL 


hows lower end of heating tank, and 

me of test heat exchangers; also dial 

ages used in an unsuccessful attempt 

® measure the temperature of the inner 

ube by its linear expansion. Top of 

he sump tank with the pump motor 
be seen in the background. 


As long as the heat and momentum 
diffusivities are equal, this equation 
should apply, and experiences with 
gases bears out such a prediction. 

The well-known Dittus and Boelter 
equation and the Colburn equation in 
effect add an empirical correction to the 
Reynolds equation to account for the 
deviation of the temperature distribution 
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from the velocity distribution in the 
buffer and laminar regions. 

The Colburn (2) expression may be 
written : 


Nu = 023 Re®Pr 


023 (5) 


It is obvious that a different correc- 
tion may be required in the case where 
the divergence of temperature distribu- 
tion from velocity distribution occurs in 
the turbulent core, and such appears to 
be the case. 

Prandtl (10) and Taylor (14) devel- 
oped improvements on the Reynolds 
analysis by assuming a laminar region 
close to the wall. Karman (4) added the 
effect of a buffer region in his analysis. 
Boelter, Martinelli and Jonassen (1), 
and Reichardt (11) have suggested 
variations to account for the change in 
viscosity due to radial temperature 
gradients near the wall. 

Martinelli (7) first introduced the 
effect of molecular diffusivity in the 
turbulent core. While the hypothetical 
system studied in this paper is similar, 
and the analysis is parallel with that of 
Martinelli as well as that of Karman 
(4), it is believed that the development 
here is more suitable to chemical engi- 
neers and that the final results are much 
more usable. 


A General Equation for the Heat- 
Transfer Coefficient in Tubes. The tube- 
fluid system studied in this section is de- 
fined by the following specifications : 
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. Steady state 

. Constant physical properties of fluid 

. No end effects 

. System symmetrical about tube axis 

. Constant heat flux along the tube wall 
(in the Z direction) 


Under these conditions, the tempera- 
ture at a given distance from the center 
of the tube will increase linearly along 
the tube, while other properties will vary 
only with the distance from the center 
of the tube. The increase in temper- 
ature with tube length at constant dis- 
tance from the tube center, dT /dZ, will 
be independent of distance along the 
tube and distance from the center of the 
tube. 


By definition 


Vw 
Ay (te te) 


If a unit length of tube is considered, 
a heat balance gives: 


(6) 


ot 


In this unit length, 
Ay = 2zr, (8) 


If the heat g is thought of as flowing 
toward the center of the tube, the bulk 
temperature is defined by the equation 


r,u,tdr, 


r,u,tdr, 


(9) 


tm = (bo — 
(tye — t) dr, 


= 2 
(10) 

If K is the sum of the molecular con- 
ductivity, & and the eddy conductivity, E, 


t) = 


| 
1 
4 
4 
° 
4 | i 
t 
q 
| 
Tw 
aT 
" 
(11) 


By a heat balance around a cylinder 
of unit length and radius r, in the fluid, 


ot d 
q 2erucp 
(12) 
Substitution of Equation (12) into 
Equation (11), Equation (11) into 
Equation (10) and Equations (10), 
(8), and (7), into Equation (6), will 
give the following equation for h, the 
heat-transfer coefficient, upon appro- 
priate rearrangement: 


(17) 
The ratio of total to molecular con- 
ductivity of heat may be written: 
x. ( 1+aPr ‘) (18) 
k v 


3, 2 
To 


If the relative velocity, V, is defined 
by 


(14a) 


and the relative distance to the wall by 


Sa 


(146) 


1 1 
S; 


(16) 


it can be shown, by changing the order 
of integration, that Equation (15) leads 
to the expression 


TARIS 1 


COMPARISQ) OF NUSSELT MODULUS OBTAINED 


BWATIONS (19) and (23) 


and when substituted into Equation 
(17) the result is: 
S, 3 


dS, 
& (1 + 


(19) 


Se SV SV 


Equations (17) and (19) represent 
general expressions by which the heat- 
transfer coefficient can be calculated in 
the system under discussion regardless 
of the flow regime which exists—vis- 
cous flow, turbulent flow or slug flow. 

The heat-transfer coefficient under 
two specific situations may be computed 


dS (15) 


directly from Equation (17) or Equa- 
tion (19). The first of these is the case 
of viscous flow, where no eddying oc- 
curs and where the velocity distribution 
is a paraboloid. Under this condition: 


V = 2— 25% (20) 


The resulting solution is: 


Nitcise = = 4.36 


(21) 


Another case of interest is that of slug 
flow under conditions in which the 
molecular diffusivity of heat controls to 
the center of the tube. Here V is unity 
throughout the system, and the result is: 


Nu =8 (22) 


From these results, one would expect 
the minimum value of Nw for turbulent 
flow, as Pr becomes very small, to be 
between 4.36 and 8. It is found to be 
approximately 7.0. 

Numerical solutions of general Equa- 
tion (19) for a range of Pr =0 to 
Pr=.1 and of Re = 4000 to Re = 
3,240,000 were made using the actual 
smoothed data of Nikuradse (9) for 
velocity distribution in tubes. These did 
not differ materially from results of 
Martinelli (7) who, in his parallel 
analysis, used the Karman-Nikuradse 
equations for velocity distribution. 

Both sets of calculated results can be 
represented with reasonable accuracy 
by a new simple approximate equation: 


Nu = 7+ 025 (23) 


Pe represents the Peclet modulus, 
Du,,pc/k and may be easily found by 


tIf a is assumed not to be unity, Equa- 
tion (23) becames 


Nu = 7 + 025(Pe)* 


TABLE 2 


COMPARISON OF EQWATICN (23) WITH RESULTS CF 
MARTINELLI POR TUBES 


Velues of Nu Acoording to Martinelli 
pre 


Apo 


Pr 107 | gquation (23 


4x10 


4.34 x 10 


3.96 x 10° 


3.24 x 10° 


7.29 
8. 
12.5 


~ 


» 


7.08 7.16 


8.06 8.00 
13.3 


43.3 


avon 


These values were obteined from « correction leaflet 
published by Dr. Martinelli and containing recalculeted 
values of the results listed in his paper. 
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1 VSdS 
1 
Nu s K aS, 
rudr d 
P rk 
| 
Vn 
then, 
= 
Since, 
| 
Nu, using Nu, using using 
Equation Approximate 
10-3 4 6.7% oe 
40 7.41 47 
10-2 400 11.03 1.080 
10°? 43.4 7.30 51 10,000 48.7 $3.00 46.6 
4 10.30 2 
10-2 | 4,340 30.5 100,000 244 zn 257 
0 0 7.05 0 208 1649 1380 
10°} 396 9.54 83 
10-2 3,960 26.5 290 
139,600 1%. uv 
0 0 7.17 7.0 
3,240 20.8 21.6 
10-2 132,400 100. 106. 
10°! 324,000 613. 633. 
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io3 


10> 5, 10° 
Fig. 2. Nu for turbulent and viscous flow 


10° 


107 108 109 
vs. Pe, Pr and Re using 


Equations (5), (21), and (23). 


TABLE 3 


COMPAAISON OF EQATICN (24) SITH RESULTS 
@ AND POR 


Bu using 
Approximate 
Bqustin (24) | 


Bu sccording to Harrison and 
Menke for Pr velue of 


2,03 2.03 
5.5 - 


$.6 
9.3 
20.8 
2.6 


TABLE 4 
SPECIFICATIONS POR EXPERIMENTAL HEAT EXCHANGERS 
Beat Exchanger A 


Material: Commercially pure nickel 


48 inches: Mounted vertically 
Outer Tube 
©.D. - 0.759 inches 
1.D. - 0.715 inches 


Bell - 0.034 inches Well - 0,022 inches 


Best Exchanger B 


Mounted horisontelly 
Outer Tube 


©.D. - 1,001 inches 
1.D. 0.932 inches 
Bell - 0.035 inches 


Hest Exchanger C 
Baterial: Commercielly pure nickel 
Mounted horisontelly 
ter Tube 
0.D. - 0.754 inches 


1.D. + 0,684 inches 


Gall - 0.033 inches Wall - 0.035 inches 


Heat Exchanger D 


Meterial: Commercially pure nickel 


Mounted horizontally 
Outer Tube 


0.D. - 0,754 inches 
1.D. - 0.684 inches 


Bell 0,033 inches ~ 0.035 inche- 


multiplying the Reynolds modulus by 
the Prandtl modulus. 

Tables 1 and 2 compare results using 
Equation (23) with the values computed 
from Equation (19) and with those 
calculated by Martinelli (7). 

For values of Pr equal to or greater 
than one in the system under discussion, 
the results from Equation (19) would 
correspond to those using the Karman 
heat-transfer equation (4), if his ve- 
locity distribution equations are used. 
The computed results above Pr of unity 
would then fit experimental results up 
to Pr about 25. Use of Reichardt’s (11) 
velocity distribution with a modification 
of Equation (19) or use of the correc- 
tions proposed by Boelter et al, should 
give results comparable to empirical 
values over the entire range of Prandtl 
modulus above 1. 

A plot of Equation (23) is given in 
Figure 2. This applies for values of Pr 
less than one. Lines for Pr of 1 and 
above are obtained from the Colburn 
(2) equation, Equation (5). 

The abrupt change in heat-transfer 
coefficient, particularly at higher Rey- 
nolds modulus, will be noted as the 
Prandtl modulus drops below unity. 

For comparing experimental resuits 
with the theoretically derived equation, 
it was found desirable to have an ex- 
pression for heat transfer with liquid 
metals in annuli. For this purpose, the 
work of Harrison and Menke (3) was 
investigated. It was found that their 
calculated results for parallel plates 
with heat passing through only one side 
were about seven tenths of the value 
predicted from Equation (23) using the 
concept of hydraulic diameter. 

As a result, the following equation 
may be assumed to apply to annuli which 
have a ratio of outer to inner diameter 
close to unity : 


Nitonn. = O175Pe® (24) 
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A comparison of this equation with 
the calculated values of Harrison and 
Menke (3) is given in Table 3. 


Comparison with Experimental 
Values for Liquid Metals. Few heat- 
transfer data are available using liquid 
metals. Styrikovitch and Semenovker 
(13) report some data on mercury as 
do Musser and Page (8). These results 
are all lower than the values predicted 
by Equation (23). However, in each 
case the liquid did not wet the wall of 
the tube. 

To obtain experimental values with 
liquid metals where the liquid did wet 
the wall, equipment was set up to circu- 
late 50 wt. % sodium potassium alloy 
through a double-tube heat exchanger of 
nickel. Dimensions of the heat ex- 
changer are given in Table 4. 

This alloy, which melts at about 
15° C., is known to wet nickel. It was 
operated to temperatures up to about 
950° F. without mishap. 

The predicted over-all heat-transfer 
coefficients were compared with the ex- 
perimental values. Results of the com- 
parisons are shown in Figure 3. 

While agreement is not perfect, lack 
of accurate knowledge of the physical 
properties and experimental difficulties 
probably account for the discrepancy, 
and it is believed that the confirmation 
is good enough to propose Equations 
(23) and (24) as good working for- 
mulas for predicting heat transfer in 
liquid metals. 

It may be pointed out that Equation 
(24) applies only when the inside and 
outside radii are almost equal. Recent 
experimental results with sodium potas- 
sium by Werner, King, and Tidball 
(15) tend to confirm Equation (23), 
but are high when compared with Equa- 
tion (24). Satisfaction of both sets of 
annulus data is obtained when the dif- 
ferences in annulus dimensions are used 
with unpublished relationships developed 
by R. V. Bailey (now associated with 
department of chemical engineering, 
University of Mississippi) at Oak 
Ridge National Laboratory, who used, 
in part, annulus velocity data supplied 
by J. G. Knudsen and D. L. Katz of the 
University of Michigan. 

It appears, upon comparison of work 
with wetting and nonwetting fluids, 
that the slight thermal resistance due to 
nonwetting becomes important with 
liquid metals, whereas in ordinary fluids 
this resistance is masked by the thermal 
resistance in the fluid itself. Consider- 
ably more work is needed to establish 
this point, but evidence is conclusive 
that a marked electrical resistance is ob- 
tained under nonwetting conditions, and 
it is believed that appreciable thermal re- 
sistance exists as well. 
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Conclusion 

Liquid metals represent an essentially 
untapped field of heat-transfer media 
with high boiling point, high resistance 
to thermal decomposition and unusually 
high heat-transfer ability. A simple 
means of calculating heat transfer in 
liquid metals has been developed, al- 
though additional experimental work is 
needed. In the course of experimental 
work in this field, small-scale handling 
methods have been developed. It is 
hoped that these methods can be scaled 
up to industrial size so that the poten- 
tialities of liquid metals as heat-transfer 
media can be fully realized. 


Notation 
= area on surface of a unit length 
of tube, area 
specific heat, 
(temperature ) 
diameter of tube, length 
eddy conductivity of heat, 
heat/ (time) (area) (temper- 
ature /length ) 
Fanning friction factor 
heat-transfer coefficient, heat/ 
(time) (area) (temperature ) 
molecular conductivity of heat, 
heat /(time) (area) (temper- 
ature /length) 
= total conductivity of heat, 
heat / (time) (area) (temper- 
ature /length ) 
heat flow toward the tube cen- 
ter, heat /time 
distance tube 
length 
relative distance 


heat/ (mass) 


center, 


from tube 


r 
center, —— 
temperature 
velocity, length /time 
over-all heat-transfer 
cient, heat/(time) 
(temperature ) 


coeffi- 
(area) 


relative velocity = —— 
. = 
flow rate, weight /time 
distance along tube axis, length 


Nusselt modulus = 


Peclet modulus = PC Pim 


= Prandtl modulus-= 


Reynolds modulus = 


Da 


eddy diffusivity, (length )?/time 

angular displacement, radians 

absolute viscosity, mass/ 
(length ) (time) 

v = kinematic viscosity, (length)?/ 

time 


p = density, mass/(length)* 
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SUBSCRIPTS 


a = of heat 
m = mean, (in the case of fluid tem- 
perature, flow mean) 
of momentum 
where heat flow toward center 
is q 
where fluid temperature is ¢ 
viscous flow 
at wall 
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GAS COMPRESSORS 


WORK OF ISENTROPIC COMPRESSION 


JOSEPH JOFFE 


Newark College of Engineering, Newark, New Jersey 


The formula for the isentropic work of compression of ideal gases has 
been modified to yield a simple empirical expression for use with real 
gases: 


where —W, is the work per mole of gas handled, and & and =z are respec- 
tively the ideal-gas specific heat ratio and the compressibility factor at 
suction conditions. 


Edmister and McGarry (3) have calculated the isentropic work of com- 
pression in 72 cases, both with the aid of thermodynamic tables or charts, 
and by their generalized isentropic exponent method. The proposed 
formula has been tested in all these cases and has been found to give 
results in reasonably good agreement with both methods. 


It is recommended that the proposed formula be used with fluids for 
which thermodynamic diagrams or tables are not available, when a 
more rapid procedure for calculating isentropic work is desired than the 


ALCULATION of the work of isen- 
tropic compression is important in 
the design of gas compressors. This 
work has been widely adopted as a 
standard of comparison in the evalua- 
tion of compression efficiencies. 

If ideal gas laws are assumed and the 
variation of specific heat with temper- 
ature is disregarded, the theoretical 
work of isentropic compression per mole 
of gas handled is given by the formula, 


= 


(1) 


as shown in standard texts in engineer- 
ing thermodynamics. 

When deviation from ideal gas laws 
is appreciable and thermodynamic dia- 
grams or tables are available, the theore- 
tical work is readily found from the 
enthalpy change along an_ isentropic 
path. This procedure is of limited ap- 
plicability, because thermodynamic dia- 
grams and tables are available for only 
a relatively small number of substances. 


Page 80 


methods developed by York and by Edmister and McGarry. 


Alternative procedures are based on the 
law of corresponding states and involve 
the use of generalized correlations. 
These are the method recommended by 
York (7), which involves successive 
approximation with the aid of a gener- 
alized entropy-pressure chart, and the 
generalized isentropic exponent method 
developed by Edmister and McGarry 
(3). Both methods are considerably 
more laborious than calculations for 
ideal gases with Equation (1). 

Accordingly, simple modifications of 
Equation (1), for application to real 
gases, are still of interest to those en- 
gaged in compressor design. One such 
modification of Equation (1) was pro- 
posed by Laverty (4), who applied the 
correction for deviation from ideal gas 
laws to the volume of the gas taken in 
by the compressor. According to Lav- 
erty, for a real gas Equation (1) be- 
comes, 


-W, = 
sRT,[(P2/Py) — 1} 
(2) 


k 
k—1 
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where z is the compressibility factor of 
the gas at suction conditions. It is found 
in practice that Equation (2) under- 
corrects for ideal gas law deviations, so 
that calculated values are usually high 
and on the conservative side. 


Proposed Method. It is sometimes 
assumed that the change of state of a 
real gas during compression may be 
represented by 


PV* = constant (3) 
where » is a constant to be determined 
from the actual behavior of the gas in 
the compressor. A process represented 
by Equation (3) is known as a poly- 
tropic process. It follows from Equa- 
tion (3) that the reversible work of 
polytropic compression is: 


= (P2/Py) — 1) 


n—1 
(4) 


Laverty’s Equation (2) for the isen- 
tropic compression of a real gas follows 
from Equation (4) if # is replaced with 
k. A different empirical modification of 
Equation (4) is proposed here. In Equa- 
tion (4) n/(m—1) is replaced with 
k/z(k—1). Thus modified, Equation 
(4) becomes : 


= 


k . 
“s(k—1)_ ~1) 
(5) 


The compressibility factor z and the 
ideal-gas specific heat ratio k in Equa- 
tion (5) are to be evaluated at suction 
conditions. Equation (5) may also be 
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Compound 


Carbon 
Dioxide 


Carbon 
Dioxide 


Hydrogen 
Sulfide 


” 


Sulfur 
Lioxide 


” 

” 
Methane 

” 

” 


Ethylene 


TAELE 1 
bemonstration of Proposed Method 


Initial 


Temp. Press. Compr. 

°F. Lb./sq.in. Factor 
absolute z 

$70 500 0.904 


Final Isentropic Work 


Press. Obs. Cale. Sdev. 
Lb./sq.in. 
absolute 


, 2570 
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written in a form resembling Equation 


(1): 


-W, = 
_ pr — 1) 
ban 1 


(6) 


where —W’, is the isentropic work per 
mole of gas handled by the compressor, 
and z and & are evaluated at suction 
conditions, as in Equation (5). 

Consideration has been given to ex- 
tending the proposed method to the 
calculation of the temperature of the 
gas, Ts, at discharge conditions. The 
following relation has been derived 
from Equation (3): 


(2gT2/2,T,) = 
(7) 


In applying Equation (7), < and & in 
the exponent have been evaluated at 
suction conditions. However, Equation 
(7) is not recommended, since it does 
not always yield accurate results, par- 
ticularly if the discharge temperature of 
the gas is considerably above its critical 
temperature. Accordingly, the proposed 
method should not be used to predict the 
isentropic temperature change. 

When, however, the isentropic work 
rather than the isentropic temperature 
change is of major interest, the simpli- 
city of the proposed method has much 
to recommend it. Calculations with the 
aid of Equation (6) are rapid, and the 
accuracy of the results is believed to be 
of the same order as in the method of 
Edmister and McGarry. These authors 
have published a detailed demonstration 
of their method (3), so that comparison 
with other procedures is facilitated. Ac- 
cordingly, Equation (6) has been tested 
for the 72 isentropic paths used by 
Edmister and McGarry in presenting 
their generalized isentropic exponent 
method. 

Results of these calculations are 
shown in Table 1. Following Edmister 
and McGarry, values for the isentropic 
work obtained by them from thermo- 
dynamic charts or tables are listed as 
observed values. The calculated values 
in Table 1 are the results obtained from 
Equation (6). The per cent deviations 
of the calculated from the observed 
values are tabulated in the last column 
of Table 1. The average of these 72 
deviations, without regard to signs, is 
3.2 per cent. The third column under 
isentropic work in Table 1 gives the 
results obtained by Edmister and Mc- 
Garry with the generalized isentropic 
exponent method. The average devia- 
tion of the results calculated with Equa- 
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|| 
Woter 2000 2980 2974 2907 0.2 = 
. 700 4co 3545 3542 3549 0.1 
$25 600 3000 2160 3196 S066 + 0.5 
. 400 150 -948 1300 4520 4500 4501 - 0.4 
Armonia 150 28 138 2270 2295 2277 1.2 
150 135 +938 300 985 990 1005 + 0.5 
150 83 +960 300 1540 1552 14960 + 0.8 
° 150 260 2035 2040 2070 + 0.2 
41 50 .976 200 15@5 1580 1566 - 0.3 
~23 180 278 1320 1285 1221 
-21 75 500 2025 1950 1941 - 3.7 
. a 300 -799 1150 1144 1121 1139 - 2.0 
50 478 -747 1000 775 896 23.1 
260 860 $95 988 978 0.7 
50 300 aes 1302 1041 1030 -20.0 
$2 -9665 2150 2162 2244 0.6 
a 60 147 -694 1030 1908 2240 2274 417.4 
948 1030 2705 2948 2875 + &.0 | 
240 147 588 2220 2177 2211 1.9 
124 204 ©1030 1182 1402 1530 +14.0 
142 150 0.865 1000 2350 2375 2320 +2.1 
200 60 .265 400 2950 2914 2694 -1.2 
191 100 -934 500 2310 2280 223 -1.3 
150 40 970 400 3380 3447 3445 42.0 | 
-170 -913 400 1026 1034 1026 
a -120 100 -940 300 805 800 808 -0.6 
-90 100 969 300 899 887 41.6 a 
a - 70 80 -971 250 101l 986 1018 <2.5 
20 294 .790 ase 938 908 878 -3.2 | 
147 .984 662 1720 1723 1750 +0.2 
100 147 738 1825 1961 1968 +1.9 
120 147 1670 1720 1774 
Ethane 100 -892 800 2230 2005 2026 -10.1 
100 100 -950 800 2490 2570 2545 +3.2 
Bi ° 220 100 .973 500 2330 2348 £347 40.3 | 
° 270 40 -993 125 1766 1763 1795 -0.2 
Fropane 73 50 -830 160 1220 1084 
" 109 40 958 100 1560 1613 1574 +3.4 
" 80 60 920 300 1700 1728 lell 
n-But ane 180 52.8 -920 1770 1990 1876 +12.4 
. 260 117.8 S14 1620 1966 1980 +8.1 
a 320 117.8 552 2155 2308 2291 
400 117.8 -947 see 2722 2754 +5.9 
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tion (6) from those of Edmister and 

McGarry is 2.8%. The average deviae TABLE 1 (Continued) 

tion of Edmister’s and McGarry’s values Initial _tLsentropic 

from observed values is 4.1%. Compr. Fress. Calc. E.éMc 
Inspection of values for isentropic Compound Factor Lb./sq.in. 

work in Table 1 shows that there is absolute PY absolute 

reasonably good agreement between re- 

sults obtained with Equation (6) and pore 

observed values, except for two carbon ® 

dioxide paths and two hydrogen sulfide 

paths. However, the method of Ed- 

mister and McGarry likewise yields e 

excessively large deviations from ob- ee 

served values for these four paths. It oot) 

has been pointed out by Edmister and : 

McGarry (3) that published thermo- 

dynamic tables and charts are not con- 

sistently reliable for all fluids. 


Discussion of Procedure. Some care 
had to be exercised in selecting the ap- 
propriate compressibility factor corre- 
lation for use with Equation (6), since 
in most instances suction conditions 
corresponded to relatively low reduced 
temperatures and pressures, for which 
most published z-charts are not satisfac- 
tory. Thomson’s nomograph of com- 
pressibility factors for vapors (2, 5) 
was found suitable and was used for 
reduced presures above 0.07 and for re- CHC1Fe 
duced temperatures below 1.0. For re- (F-22) 
duced pressures below 0.07 and for 
reduced temperatures both above and - 
below 1.0, the generalized low-pressure ® 
compressibility factor chart of Brown, 
Katz, Oberfell and Alden (1) was used. 
Where the range of this chart overlaps al aaa 
that of Thomson’s nomograph, these two 
correlations were found to agree closely. 
For reduced temperatures above 1.0 and " 
for reduced pressures above 0.07 an- CeCleks 
other generalized compressibility factor (Fife 
chart of Brown, Katz, Oberfell and " 
Alden (1), with a range of reduced 
pressures up to 1.6, was used. In Table 1 
are listed values of the compressibility ” 
factor obtained from these correlations 
and used in this study. These values 
have been checked against the low- 
pressure compressibility factor chart 
published in the Worthington Research C,°/(C,° — R) = ratio of Literature Cited 
Bulletin (6) and have been found to be specific heats for ideal gas . Brown, G. G., Kats, D. L., Oberfell, 
in reasonably good agreement with it. state G. é. and 
Values of k were calculated by the ‘ i lytropic Gasoline and the Volatile Hydrocar- 
formula, k = 1+ R/(C,° —R). ” The ge eran — bons,” Section I, Nat. Gasoline 
° : : Assn. of Am., Tulsa, p. 33 (1948). 
values of Cy _ were obtained by linear absolute pressure . Clarke, L., “Manual for Process 
interpolation: in the table of ideal-gas ideal gas constant Engineering Calculations,” Mc- 
heat capacities compiled by Edmister absolute temperature Graw-Hill_ Book Co, New York, 
and McGarry for substances covered in p. 98 (1947). 
(3). molal volume . Edmister, W. C., and McGarry, R. J., 
oS 28-108 = isentropic work of compressor Chem. Eng. Progress, 45, 421 
rule was used in all calculations. aye handled (1949). 
. Laverty, F. W., Oil Gas J., 38, 32, 54 
PV /RT = compressibility fac- (Nov. 2, 1939). 
homson, G. W., Ind. Eng. Chem., 35, 
(Any consistent units) SUBSCRIPTS : . "ee ee 
molal heat capacity at constant 1 = suction conditions Cop, (1908). 


. . spe 7. York, R., Jr., Ind. Eng. Chem., 34, 
pressure for ideal gas state 2 = discharge conditions 535 (1942). 
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STEADY-STATE TRANSFER PROBLEMS 


GRAPHICAL SOLUTIONS 


The Dorr Company, Inc., 


ANY chemical 

esses involve the 
transfer of some entity 
flows of carrier materials. Typical of 
such are countercurrent 
leaching, extraction, adsorption, distil- 
lation, amd heat transfer such as in the 
preheating or cooling stages of a fluo 
reactor, A MecCabe-Thiele dia- 
gram can be used for solving these proc- 
esses if the carrier constituents are each 
totally transferred from stage to stage 
in their respective directions. More 
often, however, one or both carrier con- 
stituents may recirculate 
stages, either through entrainment or 
through partial miscibility of one in the 
other. Thus in countercurrent decanta- 
tion a certain fraction of the solvent 
returns with the settled solids to the pre- 
stage, rather than advancing 
with the main body of the solvent to 
the succeeding stage. In liquid-liquid 
extraction the two solvents may be par- 
tially miscible, and be distributed be- 
tween both overflow and underflow 
streams. 

This paper describes a generalization 
ot the MeCabe-Thiele type oi diagram 
which permits solution of processes con- 
taining recirculation of carrier mater- 
ials, and which retains the convenience 
of a straight operating line. As would 
be expected of a generalization, it re- 
duces to the original McCabe-Thiele 
method under conditions for which the 
latter is applicable. Also it yields con- 
structions essentially identical to those 
of Ravenscroft (3) when used for solv- 
ing problems to which the Ravenscroft 
method is applicable. 

The generalized method is similar to 
the original McCabe-Thiele method in 
that it is characterized by an equilibrium 
curve, a straight operating line, and a 
system of construction lines drawn be- 
tween the equilibrium curve and the 
operating line. In the original McCabe- 
Thiele method the construction lines are 


enginecring proc- 
steady-state 


between two 


processes 


solids 


between 


ceding 
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horizontal and vertical. In the general- 
ized method, each construction line is 
shown to describe the composition of 
one of the process streams, and to have 
a slope determined by that composition. 

Derivations which follow are carried 
out in terms which are actually abstract 
and generalized. However, in order to 
avoid obscurity, the notation used is 
based on the model of liquid-liquid ex 
traction. While this gives a certain con 
creteness in the presentation of the 
method, the reader must be prepared 
eventually to accept such substitutions 
as that of heat for either the “solute” 
or the “solvent” of the derivations. Also 
specific cases will be found where the 
solvent of the derivation turns out to be 
donating solute instead of extracting it. 

The notation is adopted in part from 
that of Varteressian and Fenske (35), 
and in part from that used by Badger 
and McCabe (2) for leaching and ex- 
traction. In almost every case the sym- 
bols have a less restricted meaning. An 
eclectic notation seemed necessary be- 
cause no single set of conventional 
notation was found which was suitable. 

Figure 1 is a generalized flow dia- 
gram of a countercurrent transfer sys- 
tem. The flows comprise three constitu 
ents. The flow of the first constituent 


‘port, Connecticut 


in the overflow streams is designated by 
A’, while the flow of the same con- 
stituent in the underflow streams is de 
noted by a’. Flows of a second con 
stituent are correspondingly designated 
by C’ and c’, those of a third by 
S’ and s’. Quite arbitrarily, the first 
constituent, corresponding to flows 4’ 
and a’, is considered to be the solute 
or entity which is being transferred. 
The choice is arbitrary because there ts 
no inherent difference initially in the 
mathematical status of any of the con 
stituents. Both the other constituents 
are then carriers, but for purposes of 
differentiation, the second constituent, 
corresponding to C’ and c’, is called the 
“carrier,” and the third one is called 
the “solvent.” 

In this paper, constituents are defined 
as any entities which are conserved 
throughout the system. Usually at least 
two of the three will consist of the mass 
of some material component or group of 
components, The third may often com 
prise a quantity of heat. 

The upper streams in Figure | are 
arbitrarily named “overflow” streams 
and all properties relating to them are 
designated by capital letters. Overflow 
streams are made of a “light” or over 
flow phase, plus any entrainment of a 


Fig. 1. Generalized countercurrent transfer system. 
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Fig. 2. Alternative methods for plotting a stream 
composition. 


“heavy” or underflow phase. Lower case 
letters are used to denote properties re- 
lating to the lower “underflow” streams, 
which comprise an underflow phase plus 
any entrainment of overflow phase. Un- 
distributed properties relating to any 
single stream as a whole are identified 
with superscript prime (’). Coordinates 
relating to the equilibrium line are 
marked with an asterisk (*), and undis- 
tributed properties relating to the phases 
are marked with the superscript (°). 
Stage M is the final one in the process 
element under consideration; stage N 
represents any unit. Subscripts denote 
the stage from which streams flow. 
Subscripts and notation relating to ter- 
minal flows to and from the system are 
derived from the model of liquid-liquid 
extraction. Thus subscript f derives 
from “feed,” e¢ from “extract,” s from 
“fresh solvent,” and r from “raffinate.” 
Naming these streams on the basis of a 
specific model does not detract from the 
generality of the presentation, and is of 
aid in remembering the significance of 
the symbols. 

X is the ratio of A to S; Y is the 
ratio of A to C, and W is the ratio of 
S to C within any given process mater- 
ial or stream. (See Notation.) 


of Basic Constructions 


The three basic elements of a Mc- 
Cabe-Thiele diagram are the operating 
line, equilibrium line, and the series of 
construction lines, It will first be shown 
that in a distributed method of plotting, 
the construction lines actually corre- 
spond to individual composition plots, 
and hence that every stream in the 
process can be represented on the dia- 
gram by such a construction or compo- 
sition line. Next the equation of the 
operating line will be developed. Finally 
the significance and location of the 
equilibrium line wil be considered. 
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Construction Lines, Distributed and 
Undistributed Concentration Plots. Fig- 
ure 2 shows a coordinate system which 
subsequently will be shown to be con- 
sistent with that of the original Mc- 
Cabe-Thiele diagram. On it are shown 
two methods of plotting, by way of ex- 
ample, the composition of an overflow 
stream. In the first or undistributed 
case, the ratio of all the 4’ in the stream 
to S’, (namely X’) is plotted against 
the ratio of all the A’ to C’ (namely 
y’). This yields the single point 
(X’Y’) to represent the undistributed 
composition of the stream. In the sec- 
ond case the constituent of flow A’ is 
considered as distributed between car- 
rier flow C’ and solvent flow S’. Any 
part of A’ which is associated with C’ 
is considered not associated with S’ and 
vice versa. The situation can be visual- 
ized if C’ and S” are temporarily con- 
sidered as flows of immiscible solvents, 
between which the constituent of flow A’ 
may be arbitrarily partitioned. Then, 
from material balance 


SX +C’Y = A’ 


( Cc ( ) 
Thus the distributed concentration 
plot corresponding to any given over- 


flow composition is a straight line with 


a slope equal to the ratio — or 


Cc’ 
—W’. When all the constituent of flow 
A’ is considered as associated with C’, 
then it will be apparent that X = o and 
Y = Y’. When it is all associated with 
S’, then Y =o and X = X’. There- 
fore the intercepts of the line with the 
axes mark the coordinates of X’ vs. Y’. 
A vertical line represents a stream de- 
void of C’, while a horizontal one repre- 
sents a stream devoid of S’. 
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X, Units A Per Unit & 


Fig. 3. Construction for ate points on 


It will be apparent that any composi- 
tion, and hence any flow in the transfer 
system may be represented by such a 
distributed concentration line in the dia- 
gram. These lines are the construction 
lines of the proposed method and will 
be named for streams whose composi- 
tions they represent. 


The Operating Line. The operating 
line is the locus of intersections of the 
lines representing overflow streams 
with those for the underflow streams 
which pass them in the process. Thus 
the intersection of the overflow line 
from any stage N and the underflow 
line from stage N — 1 will lie on the 
operating line. 

The equation of the overflow line 
from stage N is: 


S’,X +C’,Y = A’, (2) 
and the equation for the underflow line 
from stage N — 1 is: 

+ = (3) 


Combining (2) and (3) simultaneously, 
there is obtained for a line passing 
through the intersection of (2) and 
(3) the equation 


1 — Sn) X + — Ce) 
= (@,_,—4’,) (4) 


But since steady state has been specified, 
the net flow of any constituent past any 
point in the system must be constant. 
Therefore: 


(a’,1 —A’,) = A’,) 
= (a’,—A’,) = net A 

= (c’y — = net C 

1 — = 

= (s',—S’,) = net 
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Fig. 4. Generalized McCabe-Thiele-type diagram. 


Substituting in Equation (4), there is 
obtained as the locus of all possible such 
intersections the operating line: 


_ (Net S) 
(Net C) 


(Net A) 
(Net C) 


(5) 


The operating line is straight, with a 
slope equal to minus (Net S)/(Net C). 
(Note the formal similarity of Equation 
(5) of the operating line to Equation 
(1) for composition lines.) 

When the net flows of the constituents 
chosen as carriers are concurrent, the 
coefficient of X, and hence the slope of 
the operating line, will be negative. 
When the net flows are countercurrent, 
one of the terms will be negative and 
the slope of the operating line will be 
positive. 

It should be noted that the straight- 
ness of the operating line is contingent 
upon two conditions only, namely, that 
the constituents are conserved, and that 
the operation is steady state. 


y= X+ 


The Equilibrium Line. When the two 
phases of a transfer system come into 
equilibrium with one another in each 
stage, the intersection of the overflow 
phase and underflow phase lines corre- 
sponding to any stage N will lie on the 
equilibrium line. The overflow stream 
and underflow stream lines will also 
intersect on the equilibrium line. This 
is true even though the phases are not 
cleanly separated in the process, so that 
some of the overflow phase is entrained 
in the underflow stream, and vice versa. 
That entrainment does not affect the 
position of the intersections may be 
proved as follows: 

The significance of any point on a 
composition distribution line is that the 
total stream can be resolved (mathe- 
matically) into two partial flows, one 


Vol. 47, No. 2 


consisting of C with enough of A to 
give the Y coordinate of the point. The 
residue, consisting of S and the remain- 
der of A, would give the X coordinate 
of the point. Any stream which could 
be divided into two partial flows with 
the same respective compositions, would 
yield a distributed concentration line 
passing through the same point. The 
overflow and underflow lines for a given 
stage have a point in common. There- 
fore they can each be resolved inte two 
partial flows having concentrations 
corresponding to the intersection point. 
It will be apparent that any part of 
these partial flows may be interchanged 
between the overflow and underflow 
streams, without changing the coordi 
nates of the intersection point. Entrain- 
ment is equivalent to such an inter- 
change of partial flows. Therefore en- 
trainment does not change the locus o 
the intersection points. 

When the solvent and carrier are im 
miscible, the equilibrium line may be 
plotted in terms of undistributed con- 
centrations, as in all other McCabe 
Thiele methods. In this case there is 
no question of distributing the consti- 
tuent of A between the two other con- 
stituents C and S in either phase, be- 
cause only one of the other two is 
present in each. The distribution lines 
for the phases will then have as equa- 
tions X = X° and Y = y°. Their in- 
tersection on the equilibrium line will 
have the coordinates X°, y°. which 
corresponds to the way such equilibrium 
lines have always been drawn in the 
past. 

Although what has been stated will 
be true in perhaps all cases for which 
the proposed method will be found use- 
ful, it nevertheless represents a special 
case. The solvent and carrier will be 
more or less miscible in many liquid- 
liquid extraction problems, and the gen- 
eral case of distillation. 


Chemical Engineering Progress 


The equilibrium line is located in 
terms of distributed concentration. 
Whenever both carrier and solvent are 
present in a phase, the distributed con- 
stituent has to be properly partitioned 
between them, and the coordinates of 
points on the equilibrium line will not be 
equal to those of the undistributed com- 
positions. 

In case the solvent and carrier con- 
stituents are partially miscible, the co- 
ordinates of points on the equilibrium 
line may be determined by construction, 
or by calculation, from the compositions 
of the equilibrium phases. The con- 
struction for determining points on the 
equilibrium line is shown in Figure 3. 
Point (1) represents the undistributed 
composition X°, Y° of the overflow 
phase, and point (2) represents the un- 
distributed composition +°, y° of the 
underflow phase in equilibrium with it. 
Line (3)-(4) is the distributed compo- 
sition line for the overflow phase, and 
line (5)-(6) that for the underflow 
phase. Point P, their intersection, lo- 
cates a point on the equilibrium curve 
A sufficient number of points are thus 
located to permit drawing the equili- 
brium line. 

The coordinates of points on the 
equilibrium curve may be calculated as 
follows : 

The distributed composition line for 
the overflow phase may be expressed 
as: 


S°X*+C°Y* =A 
And for the underflow phase 


s°X* + = 


(6) 


(7) 


Solving (6) and (7) simultaneously, 
and substituting appropriately 


Where: 


and 
W® = $°/C® 


Calculation of the equilibrium line 
from compositions of equilibrium phases 
is described above, and it is from such 
data that equilibrium lines have usually 
been calculated. Actually it is not ne- 
cessary that the compositions of the pure 
phases be known. Any system of solute, 
soivent, and carrier which is in equili- 
brium may be split into any two dis- 
similar fractions, and a point on the 
equilibrium line found as the intersec- 
tion of the distributed concentration 
lines for the two fractions. 


The Basic Diagram. The elements of 
the generalized construction are assem- 
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Fig. 6. 


bled and labelled in Figure 4. As shown 
above, the slopes of the various lines 
are as follows: 


Slope of operating line 


Slope of overflow line from stage \ 

Slope of underflow line from stage V 

Slope of feed line (underflow into 
Stage 1) 


Slope of extraction line 
from stage 1) 

Slope of solvent line (overflow into 
stage M) 

Slope of raffinate line (underflow 
from stage M) 


(overflow 


Constructions for Slopes of 
Flow Lines 


In some cases the ratio of solvent to 
carrier, Hl’, in the overflows and the 
underflows will be constant. In problems 
which can be solved by the original 
McCabe-Thiele method, for example, 


X, Units A Per Unit 


= —W", 


the ratio will have the constant value 
infinity in the overflow streams and 


Net S 
Net C 


ter’ 


= 


—W", 
= —W", 


= 


zero in the underflow streams. The 
corresponding flow lines will then be 
vertical and horizontal respectively, and 
the construction becomes identical to 
that of McCabe and Thiele. In some 
other problems, such as those involving 
constant entrainment, the slopes of the 
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Fig. 7. 


Figs. 5-7. Alternative methods for constructing slopes of flow lines. 


lines may be constant at some other 
values. However, in perhaps most cases 
the solvent-to-carrier ratio m_ the 
streams will be a function of their 
solute content. This function will 
usually be known through a series of 
experimentally obtained points. 

Four alternative methods of con- 
structing the flow lines with the proper 
slope will now be given. There will 
occur conditions under which each of 
these constructions becomes the most 


expedient. 


The first method is illustrated in Figure 
5. The ratio of solvent to carrier in the 
underflow streams is plotted as a function 
of the equilibrium curve abscissa, X*, to 
give the curve labelled Y = w’ = f(X*). 
To construct an underflow line from a 
point (1) on the equilibrium line corre- 
sponding to any stage V, point (2) is lo- 
cated on the w’ curve at X = X*,. The 
ordinate of point (2) measures the nega- 
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tive slope of the desired underflow line. 
This is projected onto the Y axis to give 
point (3). A line drawn between point (3) 
and point (4) on the X axis at X¥ = 1 
will have the same slope as the desired 
underflow line. The underflow line can 
then be drawn parallel to (3)—(4) and 
through point (1). 

Overflow lines can be constructed in 
exactly the same way. However, if there 
is little flow of carrier constituent C’ in the 
overflow streams, a curve } W = 
(X*) might lie so far from the origin that 
it would not be practical to plot it. Alter- 
natively a completely analogous construc- 
tion may be made with a plot of the func- 
tion 


X= = 

This function has been shown on Figure 
5a. To make the construction, point (6) 
is located on the curve 


X = ‘(¥*) 


at the ordinate }* of point (1). The ab 
scissa of point (6) is projected upon the 
X axis to give point (7). A line drawn 
between peint (7) and a point located on 
the Y axis at Y = 1 gives the slope of 
the overflow line. 

A second construction for flow lines is 
illustrated in Figure 6. It corresponds in 
principle to the constructions of Figures 2 
and 3. In this method y' is plotted as a 
function of 2’, giving a curve which 
actually consists of an undistributed com- 
position plot of the underflow streams. A 
similar curve, Y’ vs. X’ can be plotted for 
the overflow compositions. To construct, 
for example, an underflow line for any 
stage N, an undistributed composition 
point (2) is found on the y' vs. 2’ curve 
which will give a corresponding distributed 
concentration line (3)—(4) passing 
through point (1) corresponding to stage 
N on the equilibrium curve and through 
point (5) on the operating line. Overflow 
lines are constructed from a Y’ vs. X’ 
curve (not shown) in an obviously analog- 
ous manner. In practice the constructions 
are easy to make using a straight edge and 
a transparent right-angle triangle. 

A third method, adopted from Ravens- 
croft is shown in Figure 7. The functions 
y’ vs. X* and X’ vs. Y* are plotted. To 
construct an underflow line corresponding 
to any stage N from point (1) on the 
equilibrium curve, point, (2) is found ver- 
tically above it on the y’ vs. X* plot. Point 
(2) projected onto the Y axis locates 
point (3) at an end of the underflow line. 
The underflow line can now be drawn 
passing through points (1) and (3). The 
construction for an overflow line is made 
in an analogous manner by using the X’ 
vs. Y* plot, as shown by point (1), (4) 
and (5) on the diagram. 

A fourth means of constructing flow 
lines which depends largely upon calcula- 
tion is the semigraphical method of Ruth 
(4). In this method the X coordinate at 
the intersection of the underflow line from 
stage N with the operating line is calcu- 
lated. Ruth's derivation of his basic equa- 
tions is simple. The derivation outlined 
here is not as direct, but ties the results 
more obviously to the fully graphical 
methods thus far discussed. 

The equation of the operating line from 
(5) is: 
y= (Net 


Net (Net A) 
(Net C) 


“(Net Cc) 
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MOLS LOW BOILER / MOL VAPOR 


RAFFINATE OVERWEAD Vapor 


3 Sy 


EXTRACT 


- * Bottom Liquid 
¢ 


= 


MOLS LOW BOILER/ MOL LIQUID 
Fig. 8. Relation to classical McCabe-Thiele plot. 


line from 


The 
stage 


equation of the underflow 
n from (1) is 


S'aX + = a's 


solving these simultaneously, and substi- 
tuting appropriately 

(Net 1) 
(Net ©) 
(Net S) 
(Net ©) 


X at intersection 


(10) 


The terms in parentheses can be evaluated 
from an over-all balance, and correspond 
to parameters of the operating line. The 
other terms and may be plotted as 
functions of X*, and read from this plot. 

In the special case that the overflow 
comprises no flow of carrier constituent, 
C, Equation (10) becomes 


(Net 4) 
(Net ¢ 
(Net S) 
(Net C) 
(when overflows are devoid of C) 


(11) 


which is the case presented by Ruth 

When, furthermore, the underflows com 
prise no flow of solvent constituent, S, 
conditions correspond to those of the orig- 
inal McCabe-Thiele construction, 
(Net 4) 
, (Net C) 
X ‘aot =- 

(Net 

(Net C) 
Cabe-Thiele diagram ) 


(12) 


(for original Mc 


Illustrative Applications 


Many means are available for solving 
various countercurrent transfer prob- 
lems. In simple cases, the use of a 
graphical method is often not warranted. 
In more complex cases the relative 
utility of the method presented compared 
with other graphical or semigraphical 
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methods will depend upon the individual 
problem, and upon the form and nature 
of the data from which it is to be solved. 

\lthough the method here presented 
is completely general in nature, its ap 
plication to such cases as liquid-liquid 
extraction, in which the carrier 
stituents are partially miscible, has not 
been studied and has not promised to be 
compared with other 


con 


advantageous 
methods 

For leaching and solids extraction 
problems, the proposed method affords 
a clearer pictorialization of the effect 
of operating variables than the other 
graphical methods commonly used and 
is more flexible. Unlike the method of 
Ravenscroft, it is applicable when the 
wlids are adsorbent for the solute. The 
method of Armstrong and Kammer- 
meyer (1) is simpler to use if the ratio 
of solvent to solids is specified, but a 
new curve has to be drawn for every 
solution when this ratio is changed. 
Thus the proposed method should be 
simpler when the quantity of solvent 
appears as a variable. In such 
it may also be faster than the excellent 
semigraphical method of Ruth. 

The constructions should be made on 
a large scale graph if precise problem 
solutions are desired, and are warranted 
by the accuracy of the data. This is 
equally true for any graphical method. 
Even in semigraphical ones, the graph- 
ical elements must be plotted on a large 
scale to obtain precision. 

Three applications of the general 
method are discussed in the following: 
The first shows its relation to the orig- 
inal McCabe-Thiele method. The sec- 
ond shows its relation to the Ravens- 
croft method. The third shows its ap- 
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plication in a somewhat more compli- 
cated process. 


Rectification Diagram— Original 
Cabe-Thiele Method. Since the general 
method is built upon the original McCabe- 
Thiele diagram, it is of interest to see how 
the latter fits into the general case. A part 
of a McCabe-Thiele rectification diagram 
is shown in Figure 8. The solute quantity, 
A of the general case, here becomes iden- 
tified as the moles of low boiling compo- 
nent. C becomes identified as moles of 
vapor, and S becomes identified as moles 
of liquid. In a general case, neither vapor 
nor liquid would qualify as a constituent 
under the special meaning given. There is 
no inherent reason why vapor cannot be 
converted to liquid in the process, and vice 
versa, so that neither entity necessarily 
needs to be conserved. However, in the 
original McCabe-Thiele method, conditions 
are specially defined so that condensation 
of one component is accompanied by a 
simultaneous vaporization of an equal 
number of moles of the other component. 
Therefore the vapor flow, when expressed 
in moles and only when so expressed, re- 

mains constant throughout a system be- 
tween points of feed or withdrawal of 
material. Under these special conditions, 
the mole flow of vapor qualifies as a con- 
stituent, and therefore also the countercur- 
rent mole flow of liquid. 

In Figure 8 it will be apparent that the 
liquid phase, which because of the arbi- 
trary choice of axis corresponds to what 
has been named the solvent constituent, is 
actually being stripped of the solute or low 
boiling constituent. Simultaneously the 
vapor phase or carrier is being enriched 
with solute. This reverses the direction of 
the constructions but does not otherwise 
affect them. 


Solvent Extraction of Soy Beans—Rela- 
tion to Ravenscroft Method. The following 
problem is solved in Badger and McCabe 
by the Ravenscroft method. It is also 
solved by Ruth, and the problem statement 
is from his paper. “Oil is to be extracted 
from meal by means of a continuous coun- 
tercurrent extractor. The unit is to treat 
2000 Ibs. of meal per hour (based on oil- 


PER LB 


Oil 


free solids). The untreated meal contains 
800 Ibs. of oil and 50 Ibs. of benzene. The 
iresh wash solution consists of 20 Ibs. oi 
oil dissolved in 1310 Ib. of benzene/hr. 
The exhausted solids are to contain 120 Ib. 
ot unextracted oil. What number of units 
is required ?” 

The solute quantity A of the general 
case is identified as pounds of oil. The 
carrier C becomes pounds of meal on an 
oil- and benzene-free basis. The solvent S 
corresponds to pounds of solution, or 
pounds of benzene plus oil. The problem 
assumes that the meal solids do not adsorb 
oil so Y* is at all times equal to zero, and 
the equilibrium line coincides with the X 
axis. 


Benzene + Oil Balance 


Extracted solid 
Net = extract 


Data necessary to the solution are 
given in Table 1. 

Values of y’ have been plotted as a 
function of X’ in Figure 9. Since the 
solids are not adsorbent, it will be ap- 
parent that X’ = 2’. 


The following concentrations 
calculated directly : 


may 


These values permit construction of the 
feed line and the fresh solvent line immed- 


LB, 


LB, PER LB, 


BENZENE OIL 


Fig. 9. Relation to Ravenscroft diagram. 
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iately. Since y’ is known for the extracted 
solids, and the function y’ vs. +’ has been 
plotted, *’- can be found and the raffinate 
line constructed by method 2 just described. 
Since the raffinate and the fresh solvent 
pass each other in the process, the inter- 
section, P, of their distributed concentra- 
tion plots gives a point on the operating 
line. 

An oil and solution balance is now made 


+800 Ibs./hr. 
+ 20 Ibs./hr. 
—120 Ibs. /hr. 


Ibs./hr. 
1330 Ibs./hr. 
= —1013 Ibs./br 
= ‘tier Ibs. /br. 


There is thus obtained for the extract 
li 


The extract line is now drawn. Its inter- 
section, Q, with the feed line marks a 
second point on the operating line. The 
operating line can now be drawn through 
points P and Q and the stage constructions 
started. A vertical line extending up from 
point (1) intersects the y’ vs. X’ line at 
point (2), giving the value of y',. Point 
(2) projected to the Y axis gives point 
(3), which lies at one end of the first stage 
underflow line. Point (1) marks the other 
end of the first stage undertiow line since 
it lies at the intersection of the equilibrium 
line and the first stage overflow line (ex- 
tract line). Therefore the first stage un- 
derflow line can be drawn, intersecting the 
operating line at point (4). 

There is no recirculation of solids in any 
of the overflow streams, so their distri- 
buted concentration lines are vertical. Thus 
a vertical line through point (4) repre- 
sents the second stage overflow, and lo- 
cates X",. This vertical line also intersects 
the y’ vs. X’ curve to locate point (5) and 
thence point (6) at the end of the second 
stage underflow line. Constructions are 
continued from stage to stage. It is seen 
that the stage 4 underflow essentially coin- 
cides with the desired raffinate composition. 
Therefore the number of units required 
for the extraction is four. 

The stage constructions of Ravenscroft 
may be obtained from Figure 9 by rotating 
the X axis in a clockwise direction to 
make the operating line horizontal. The 
y’ vs. X" curve is not rotated with the rest 
of the system, because in the Ravenscroft 
method points on this curve are still pro- 
jected rectangularly to the axes. Use of a 
skew coordinate system makes possible 
certain conveniences in over-all construc- 
tion, but at the expense of making the 
method difficult to remember. 


TABLE 1.—AMOUNTS OF OIL, RETAINED 
IN UNDERFLOWS AT DIFFERENT 
OVERFLOW COMPOSITIONS 


| 
| 
Oil Balance 
4 
Extracted solids ...... 
— 
Net extract ............ 700 Ibs./hr. 
4 

800 
ae 800 + 50 ¥ 
20 
120 

|. 
w 
| yr 
4 | ; X x 0.000 1000 
x, x, xX, xX, 0.200 108 
: 220 
0.600 857 
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Countercurrent Filtration. The next 
problem is hypothetical. It is made up 
to illustrate solution of a countercurrent 
filtration problem, and to contain most 
of the complicating features which 
might be met in countercurrent filtra- 
tion. No published method has been 
found for solving this type of problem. 
The problem statement is as follows: 


Find the amount of solvent necessary to 
produce a saturated extract from an ad- 
sorbent charged with an adsorbate, by 
means of two stages of countercurrent fil- 
tration. The equilibrium distribution of 
adsorbate or solute between adsorbent and 
solvent is as plotted in Figure 10, with the 
solvent phase becoming saturated at 

¢ = 0.006. The feed contains 500 Ibs. of 
adsorbent/hr., an equal quantity of solvent, 
and 6 Ibs. of solute. The ratio of solute 
to solvent in the fresh solvent stream, 
X,’ = 0.001. The filter cake dilution or 
ratio of solvent (solute free) to adsorbent 
solids (solute free) in the discharging 
filter cakes is given as 0.5. The displace- 
ment efficiency of the filter cake washes 
is given as an experimentally determinate 
function of F, the amount of solvent in 
the wash applied to the cake per unit 
weight of adsorbent, as graphed in Figure 
11. Displacement efficiency E, is here de- 
fined as the per cent of the solvent remain- 
ing entrained in the washed cake which 
comes from wash solution. 

Constituent quantity A becomes identi- 
fied as pounds of solute, quantity C as 
pounds of adsorbent solids, and quantity S 
as pounds of solvent. 

Countercurrent filtration may be repre- 
sented as shown in Figure 12. Dotted lines 
indicate the stage boundaries. The adsorb- 
ent is transferred in toto from stage to 
stage as filter cake solids. Liquor flows, 
however, recirculate. If it now be assumed 
that equilibrium is reached in the repulpers, 
and that the filtrate used on the wash 
sprays of the filters does not equilibrate 
with the solids on the filter, but merely 
acts as a displacing wash, the system can 
be solved readily. These assumptions are 
usual for any solution. 

The net flow of solvent towards the left 
(—net §) is equal to total solvent in wash 
—total solvent entrained in the cake. The 
net flow of adsorbent towards the right 
(net C) is 500 Ibs./hr., the amount fed, 
since there is no recirculation of solids. 
Therefore the slope of the operating line 


Net S 
solvent in wash — solvent entrained in cake 
Net C 
=F—d (13) 


It is now necessary to determine —w, the 
slope of the underflow (filter cake) lines. 

The washed filter cake carries solvent 
from two sources. First it carries solvent 
in the undisplaced solution from the pre- 
ceding stage, and it also carries displacing 
wash solvent obtained from the stage it is 
entering. The displacing wash solvent is 
not changing stages or its solute content, 
so it obviously does not enter into the inter- 
stage flows. Therefore the interstage flow 
of solvent accompanying the filter cake 
solids is the undisplaced solvent, or: 


w= 
undisplaced salvent from preceding stage 
adsorbent in filter cake 
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Fig. 11. Displacement efficiency of filter cake wash. 


100 — 
w= (14) 


The filter cake dilution has been given in 
the problem statement as 0.5, but the dis- 
placement efficiency E also must be known 
before w, and hence the slope of the filter 
cake lines, can be determined. Displace- 
ment efficiency is known only as a function 
of F through Figure 11. The next step is 
to determine F. 

From Equation (13) 


is the slope of the operating line. There- 
fore if an operating line is drawn, the 
ratio F can be calculated. From Figure 11 
the displacement efficiency can then be de- 
termined, and finally —w, the slope of the 
underfiow lines can be calculated. 
Perfected constructions are shown in 
Figure 10. The procedure is to draw the 
feed line, intercepting the axes as follows: 


6 
= 0.012 


6 
300 = 0.012 


The extract line is drawn vertically above 
the intercept 


X", = 0.006 
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dilution was given as 0.5 
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Fig. 12. Countercurrent filtration. 


since the extract is to be saturated. The 
intersection of the feed and extract lines 
marks a point O on the operating line. The 
fresh solvent line is drawn as a vertical 
line above the intercept X’, = 0.001. 

A trial operating line is drawn through 
point Q. The slope of this trial operating 
line is determined and used with the known 
value of 0.5 for filter cake dilution to 
calculate the ratio F. Displacement eff- 
ciency is then determined from Figure 11. 
With this the value of w, and hence the 
slope of the underflow lines, is calculated. 
Stage constructions are made. If the under 
flow line from the second and final stage 
does not intersect the fresh solvent line at 
a point on the operating line, a new trial 
operating line is drawn and the stage con- 
struction procedure repeated. 

From the slope of the correct operating 
line in Figure 10, the pounds net solvent 
per pound of solids is 0.45. The filter cake 
Therefore the 
total pounds of solvent in the fresh solvent 
solution per pound of solids = 0.45 + 0.50 

0.95 Ibs. Thus F = 0.95. 

Since F = 0.95, then from Figure 11, 
the value of E is 80%. Therefore, from 
Equation (14), w = 0.10, which gives the 
negative slope ‘of the filter cake lines. 

Neglecting small weight of solute con- 
tained, the amount of fresh solvent solution 
required 


Ibs. solvent Ibs. solids 
“Tbs. solids 


475 \bs./hr. 


= 0.9: 


Summary 


A graphical solution method poten- 
jally applicable to any steady state 
untercurrent transfer problem has 
n presented. The method is of theo- 
tical interest as a general case relat- 
g the McCabe-Thiele and Ravenscroft 
thods. It should be useful in solving 
rious leaching and solids extraction 
oblems. 


Notation 


The quantities of the constituents 
may be expressed in any units. They 
need not even be consistent among 
themselves. As an extreme example, 4 
might be expressed in terms of B.t.u., C 
in terms of pounds plus kilocalories, 
and S in terms of gram moles. The 
other variables are ratios among these 
three. In practice, however, it will avoid 
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confusion if self-consistent units are 
used. 


1 = quantity of a first constituent 
(distributed constituent ) 
solvent 

= quantity of first constituent in 
overflow stream per unit 
time 
quantity of first constituent in 
underflow stream per unit 
time 
= quantity of first constituent in 
light (overflow) phase 
quantity of first constituent in 
heavy (underflow) phase 
quantity of a second constituent 
(carrier ) 
= quantity of second constituent 
in overflow stream per unit 
time 
= quantity of second constituent 
in underflow stream per 
unit time 
quantity of second constituent 
in light (overflow) phase 
= quantity of second constituent 
in heavy (underflow) phase 
filter cake dilution 
Ibs. solute-free solvent in 
filter cake 
Ibs. solute-free solids in 
filter cake 
= filter cake wash efficiency 
= per cent of solvent en- 
trained in filter cake 
which comes from the 
displacing wash 
= filter cake wash ratio 
Ibs. solvent in filter cake wash 
Ibs. solute-free solids in filter 
cake 
denotes final stage of battery 
or cascade 
denotes any stage 
or cascade 
quantity of a third constituent 
(second carrier, solvent) 
quantity of third constituent in 
overflow stream per unit 
time 
= quantity of third constituent in 
underflow stream per unit 
time 


battery 
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S° = quantity of third constituent in 
light (overflow) phase 
= quantity of third constituent in 
heavy (underflow) phase 
S/C 
= §’/C’, refers to overflow stream 
s/c’, refers to underflow stream 
.Tefers to overflow phase 
refers to 
phase 
A/S 
= 4’/S’ 
stream 
a’/s’, refers to 
stream 
phase 
a /s . 


phase 


underflow 


refers to overflow 


underflow 


refers to overflow 


refers to underflow 
coordinate of point on equili- 
brium line 
A/C 
= A’/C’, 
stream 
refers to 
stream 
= A°/C°, refers to 
(light) phase 
=a°/c°, refers to 
(heavy) phase 
Y* = coordinate of point on equili- 
brium line 


refers to overflow 


a’/c’, underflow 


overflow 


underflow 


SUBSCRIPTS: 


. = extract, overflow from stage 1 
; = feed, underflow stream into 
stage 1 
, = raffinate, underflow from stage 
.» = solvent, overflow stream into 
stage M 
= flows from final unit of cascade 
= flows from any unit of cascade 


)UPERSCRIPTS 


’—marks properties of total 
streams 

—marks properties of phases 

*—marks coordinates of 
brium curve 


equili- 
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PRESSURE DROP THROUGH STACKED SPHERES 


EFFECT OF ORIENTATION 


J. J. MARTIN,* W. L. McCABE,+ and C. C. MONRAD 


Carnegie Institute of Technology, Pittsburgh, Pennsylvania 


LOW of fluids through porous 

media is encountered often in chem- 
ical engineering. Estimation of pres- 
sure drop through these media is of 
considerable importance in many appli- 
cations, and as a result, many investiga- 
tions have been conducted on the flow 
of fluids through packed beds of par- 
ticles of one sort or another. These 
investigations have led to a wide variety 
of pressure-drop correlations usually 
involving the density, viscosity, and ve- 
locity of the fluid, the diameter, shape, 
and roughness of the particles, and the 
porosity or void volume of the packed 
bed. 

However, one factor which has oc- 
casionally raised some question as to its 
effect is the orientation of the particles. 
Since the packed beds usually studied 
are formed by random dumping, it is 
obvious that the effect of orientation 
has been more or less neglected. It has 
simply been assumed that if the same 
particles are randomly packed to the 
same bed porosity, orientation of the 
particles will be approximately the same 
on the average. 

To clear up questions of the effect 
of orientation on pressure drop, it was 
decided to initiate a fundamental in 
vestigation of beds of definite geometri- 
cal arrangements of particles. A survey 
of the different shapes of particles suit- 
able for such a study showed that 
spheres offer about as wide a variation 
im arrangement as can be obtained in 
any way with other shapes. For this 
reason beds of stacked spheres were 
selected for the study. 

Before making any pressure-drop 
measurements, it was necessary to deter 
mine just what possible ways there were 
for stacking spheres. Fortunately, in 
1935 Graton and Fraser (3) made a 
thorough study of the stacking of 
spheres, and it is largely their ideas 
which have been followed here. 

Although there are an infinite number 
of ways to arrange spheres on a hori- 
zontal plane, there are two simple ar- 
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rangements. One of these has all the 
sphere centers lying at the corners of 
squares, while the other has the sphere 
centers at the apices of equilateral tri- 
angles. The first case is called a square 
layer and the second is referred to as a 
rhombic layer. In Figure 1 it is seen 
that the arrangement Nos. 1, 2, and 3 
are composed of square layers, whereas 
Nos. 4, 5, and 6 are constructed of 
rhombic layers. Properties of the dif- 
ferent arrangements are given in Table 
1, where it is observed that those with 
the same name have the same porosity. 
For example, Orthorhombic No. 2 is 
composed of square layers and Ortho- 
rhombic No. 4 is built of rhombic layers, 
but both have a porosity or fractional 
free volume of 0.3954. 

Alternative arrangements are possible 
in the cases of the No, 2's, the No. 5's, 
and the No. 6’s. For example, there 
are two No, 2's, designated Clear 
Passage and Blocked Passage. In the 
clear passage arrangement the spheres 
in any one layer are placed squarely 
over the spheres in the second layer be- 
low the one in question. This results 
in small vertical passageways which are 
carried through the full depth of the 
bed completely unobstructed, which is 
the reason for the designation. On the 
other hand, when constructing any one 
layer, it is possible to place the spheres 
in the center between four spheres lying 
in the second layer below the one in 
question. This blocks off completely the 


te 
view 


Tet regenel 
Cheer 


Fig. 1. 
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vertical passageway and accounts tor 
the designation Blocked Passage. Such 
a variation in orientation of the layers 
does not change the porosity. It will be 
seen that the No. 6's offer the same 
possibilities as the No. 2's. The No. 5's 
are slightly different in that there are 
two different procedures of stacking 
which lead to the blocked passage ar- 
rangement, though in this work only one 
of them was studied. 

Although it first appears that there 
are several different arrangements of 
the same porosity, it turns out that some 
arrangements of the same general name 
are really identical as far as the ar- 
rangement itself is concerned; what is 
different is the major axis of flow or 
observation. Thus, if one builds Rhom- 
bohedral No. 3 and observes it along 
the proper axis, it will prove to be the 
same as Rhombohedral No. 6 clear 
passage. In the same way Orthorhombic 
No. 2 clear passage, if viewed properly, 
will be identical to Orthorhombic No. 4. 
In these cases one might say that it is 
the anisotropic property of the arrange- 
ment which is being studied. 

To construct the arrangements based 
on square square container 
was used, while a hexagonal container 
served to hold the arrangements involv- 
ing rhombic layers. To eliminate the 
excess porosity normally encountered at 
the walls of the container, fractional 
spheres were employed. In the case of 
hali-spheres were used 


layers, a 


square layers 


© 
Cheer 


Sphere arrangements based on square and rhombic layers. 
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| 
1 
= 
top view view 
view vee 
view view vie 
view 


2b 
Orthorhombic 
No. 2 


2d 
Orthorhombic 
No. 4 


2c 
Rhombohedral 
No. 3 


Fig. 2. Examples of different stacking arrangements using %-in. balls. 


along the walls and quarter-spheres in 
the corners, while all but one of the 
rhombic arrangements utilized half- and 
one-third spheres. Figure 2 shows how 
these fractional spheres were employed 
in several arrangements. In the case of 
the No. 5 arrangements two rather odd 
fractions were required, being those 
produced by passing a plane through a 
sphere splitting a diameter perpendicu- 
lar to that plane into one part 3% and the 
other part 14 the diameter long. Before 
deciding on the use of fractional 
spheres at the wall, calculations were 
made showing that more than 100 
spheres would have been necessary 
across the container diameter to reduce 
the effect of wall porosity below the 
other errors which would occur in the 
measurements. 

The stability of the different arrange- 
ments varied. As might be predicted, 
Cubic No. 1 proved to be exceedingly 
unstable and required extremely close 
tolerances on the container size and 
sphere diameter. Contrasted to the 
cubic, the rhombohedral arrangements 
are perfectly stable, which is to be ex- 
pected as they cannot be condensed into 
tighter arrangements. 


Two sizes of brass ball bearings were 
used as the packing material. These meas- 
ured %g@ and % in. in diameter, and careful 
checking of the diameters with a micro- 
meter showed only about one to two ten 
thousandths of an inch variation. The sur- 
face was smooth at the start and every 
ffort was made to keep it that way so 
at surface roughness would not be a 
ctor in controlling pressure drop. The 
I} bearings were packed in brass contain- 
s, two of which were square and one 
xagonal in cross section. The square 
mtainers had inside edges measuring 5.00 


in. and 2.50 in. respectively, while the 
internal cross section of the hexagonal con- 
tainer was circumscribed by a circle of 
radius 3.248 in. The containers were fitted 
with drilled support plates and baffle plates 
Figure 3 shows the 5-in. square container 
in operating position. The spheres were 
packed in the bottom half between the two 
pressure taps. The top half contained the 
baffle plate and served as a short calming 
section. The two halves were bolted to- 
gether with a neoprene gasket cut carefully 
to preserve as smooth an inside wall as 
possible. 

The fluids used were Pittsburgh tap 
water and Gulf No. 381 hydraulic oil, and 
these were pumped downward through the 
bed so as not to upset the arrangements. 
Even with downward pumping and care in 
operating, occasionally a bed would shift 
(especially in the case of the unstable 
Cubic No. 1), in which case the data would 
be disregarded. The fluids were recircu- 
lated through a weigh-and-storage tank by 
means of a 3-hp. centrifugal pump. Flow 
rate was controlled by a weighted dia- 
phragm valve and measured by a calibrated 
rotameter. Pressure drop across the bed 
and its support plate was measured with 
either an inverted 40-in. manometer using 
the fluid flowing or by a well-type 60-in. 
mercury manometer, as cam be seen in 
Figure 3. Temperature of the fluid was 
measured so that the density and viscosity 
could be determined from plots of these 
properties versus temperature. Viscosities 
were determined in modified Cannon- 
Ostwald viscometer tubes suspended in a 
constant temperature bath. Densities were 
measured with a Fisher precision hy- 
drometer. 

For a pressure-drop test the container 
was packed with the desired arrangement 
of spheres and connected into the pumping 
system. Flow through the bed was started 
slowly and gradually increased to a maxi- 
mum where it was maintained until all air 
bubbles were eliminated as noted in the 
rotameter. This was followed by careful 
draining of the manometer lines, after 
which the data could be taken whenever 


equilibrium was reached for a given flow 
rate. In the case of water, equilibrium was 
established quickly after setting the flow 
rate; however, the oil often required con- 
siderable time (15 to 20 min.) to reach 
equilibrium. 

Since the data for the water runs 
were taken at essentially one tempera- 
ture or one viscosity and density, it was 
possible to construct a fairly simple plot 
to allow for entrance and exit effects. 
For any given arrangement the pressure 
drop was plotted against the superficial 
fluid velocity with the number of layers 
of spheres as the parameter. By a 
process of subtraction of pressure drops 
at the same velocity, it was possible to 
determine when the pressure drop per 
additional layer was uniform, which was 
the value ultimately sought. The oil 
runs were handled differently as the 
data for different numbers of layers 
were not always taken at the same tem- 
perature. The procedure used was to 
plot 4H/V,? vs. with the num- 
ber of layers as the parameter. Here 
4H is the pressure drop, V, is the 
superficial fluid velocity, p is the fluid 
density and y& is the fluid viscosity. By 
the subtraction process the AH/V’,? per 
additional layer was determined and the 
uniform value which resulted was the 
one used in the calculations. 

Dimensional analysis of the problem 
of pressure drop through porous media 
of considerable thickness leads to the 
expression 


TABLE 1.—SOME DATA ON STACKING OF SPHERES 
Porosity 
(fractional 


free 
volume) 


the particle diameter 
the bed depth 
the fractional void volume 
a representative height of 
surface roughness 
is the shape factor of 
yr is an orientation factor 
Orthorhombic 0.3954 0.093 is the diameter of the con- 
No. 5 tainer 


Tetragonal 
Sphenoida! is the mass 
sion factor 


Smallest 
Fractional 
Free 


Name of 
Stacking 
Arrangement 
No. 1 
Cubic 


Largest 
Fractional 
Free Area 


Number of 
Tangent 
Neighbors 


Distance 
Between 
Layers 


0.476 0.214 


No. 2 
Orthorhombic 0.3954 O.214 the 


No. 3 
Rhombohedral 


0.866D» 0.098 to force conver- 


0.093 


No. 6 
Rhombobedral 


0.816D, 
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The left side of this equation is usually 
called a friction factor. For the case 
of flow through a single arrangement of 
smooth spheres with negligible wall 
effect, the above function simplifies to 
the friction factor being a function of 
only the Reynolds number, 


AHgD, _ (2) 


since the shape and roughness of the 
spheres and the orientation and porosity 
of the bed are fixed. This function, with 
the addition of a 2 in the denominator 
of the ordinate, has been plotted graph- 
ically in Figures 4 and 5. Figure 4 
shows the data points as they were 
obtained for Orthorhombic No. 2. Cor- 
responding graphs were determined for 
all the other arrangements, but are not 
presented here. In Figure 5 the curves 
from Figure 4 and the corresponding 
plots just referred to have been repro- 
duced without the interference of the 
many data points. 

Results of this study are compared 
with the work of Carman (2). Using 
the data of many investigators, Carman 
plotted SHg.</ZV 2a vs. pl’,/pa and 
obtained a single smooth curve for ran- 
dom packings of spheres. Here a is the 
surface area of particles per unit volume 
of bed. For beds of spheres there is a 
simple relationship between the surface 
area and the porosity given by 


6(1—«) 


Applying this to the functions plotted 
by Carman, one obtains 


(3) 


4HgD, _ | 3(1—«) 
(4) 
and 
D,V op 


pV, ) 

(8) 
Thus, it was only necessary to read off 
the points from Carman’s curve and 
multiply by the bracketed porosity cor- 
rection factors to obtain the functions 
for Figure 5. This results in a series 
of curves on the type of plot used here 
—one for each different porosity. These 
are shown as dashed lines in Figure 5 
and are to be compared with the curves 
of the different sphere stackings of the 
same porosity. The greatest differences 
occur with the Orthorhombic No. 4 and 
Cubic No. 1, where the measured pres- 
sure drops and those of random packing 
differ by several fold. Cubic No. 1 is 
also interesting for its increase of fric- 
tion factor with Reynolds number at 
high velocities, for single spheres in 
moving fluids exhibit the same charac- 
teristic. 

Attempts to correlate the results for 
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all arrangements of spheres over all 
ranges of Reynolds number have not 
yet been successful. In streamline fiow, 
however, the problem is somewhat sim- 
plified since the friction-factor curves 
are straight lines with a slope of —1 
(i.e., on logarithmic coordinates) and 
since the curves for the different No. 
2’s, the different No. 5’s, and the differ- 
ent No. 6’s including the No. 3 come 
together in the streamline range. There- 
fore, in streamline flow there are only 
five different straight-line curves to be 
considered. 

The first attempt to correlate all the 
streamline data was based on the appli- 
cation of the Navier-Stokes hydro- 
dynamical equations. However, the 
boundary conditions on the resulting 
partial differential equations are com- 
plicated and so far no solution has been 
obtained. A semiempirical correlation, 
however, has been developed to predict 
the results with an average precision of 
10 per cent. The development follows 
some of the ideas of Blake (1) and 
Kozeny (4). 


Fig. 3. Equipment stand with 5-in. 
Square container in place. 


+ 444 


+ CLEAR PASSAGE 5 IN. CONTAINER 5/6 IN BALLS 
4 CLEAR PASSAGE CONTAINER 5/16 IN. BALLS | 
ACLEAR PASSAGE 25 IN CONTAINER 5/16 IN BALLS 

“BLOCKED PASSAGE 5 CONTAINER 5/6 IN BALLS 


FRICTION FACTOR PLOT 
ARRANGEMENT - ORTHORHOMBIC NO 2 


= Ht + BLOCKED PASSAGE SIN CONTAINER 5/16 IN. BALLS 
TIT] BLOCKED PASSAGE 25 IN CONTAINER 5/16 IN. BALLS 
++ — ~ — — 
Hl N | | | 
| 
Fig. 4. Friction factor plot from original data for one arrangement— 
. Orthorhombic No. 2. 


TABLE 2.—COMPARISON OF STREAMLINE 


PAH 


Equati x. 


Cubie No. 1 
Orthorhombic 
Rhombohedral No. 
Orthorhombie No. 4 
Tetragonal sphenoidal No. 5 
hombohedral No. 6 
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CORRELATION WITH EXPERIMENTAL DATA 


G) 


o 


Calculated 


22V 


from Geometry rou, 
of Arrangement Data Points 
166 18.2 
20.7 248 
264. 241. 
179. 166 
210. 190. 
288. 241. 


4 ; 
| 
P 
| 
+t 
| 
4 
: 
| 
Taken from 
ie Friction 
Factor Ourves 
ey Arrangement 


FRICTION FACTOR PLOT 


NO! « 
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OASHED CURVES FROM CARMAN'S (2) 
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-0 
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Fig. 5. Smoothed friction factor curves for all arrangements compared with 
rman’s (2) correlation. 


Consider flow through a porous bed 


to be analogous to flow through a bundle. 


@i parallel pipes and apply Poiseuille’s 
law, 
_ KVZp 
where V’ is the velocity through pipes 
of diameter D and K is a constant. In 
terms of the superficial velocity, |” may 
be approximated by |’,/e; also the pipe 
or average channel diameter in a packed 
bed may be approximated as D = e/a. 
Recalling the relation given above in- 
volving a, «, and D,, one may obtain 
K’V — 
g-D,*é 
In the case of stacked spheres ¢ may be 
thought of as the fractional free area 
of infinitesimal bed depth dZ, as well as 
the fractional void volume over a finite 
height. Therefore, since the fractional 
free area varies through the bed, it may 
be treated as a function of Z, or 


(6) 


= (7) 


K’V 
aH = dZ 
é 

? 

(8) 
The change of fractional free area will 
be periodic from layer to layer; there- 
fore, one may write 


h 
K’V {1 (l1—e)? 
AH = - 
gD,? F iZ 
(9) 
where h is the height of the periodic 


change in the arrangement in question. 
The expression 


h 
(1—e)? 


(1/h) 


is then a property of the given arrange- 
ment. 

Equation (9) still does not correlate 
the data, for it has been found neces- 
sary to introduce an empirical term b* 
under the integral sign; where 6 has a 
value of one so long as a_ horizontal 
plane passed through the bed of spheres 
cuts the minimum number of spheres, 
and a value of two when the horizontal 
plane cuts twice the minimum which 
occurs at those points where the plane 
cuts the spheres from two different 
layers. When the term 5* is inserted, 
and the constant K’ evaluated from the 
experimental results, the following 
equation is evolved: 


= 


h 
b4(1 — «)? 


h 
b4(1 — «)? 


dZ 


were calculated from the geometry of 
each arrangement of spheres. Table 2 
shows how well the proposed equation 
represents the experimental data. 

In summarizing, orientation has been 
shown to have a definite effect on pres- 
sure drop through stacked spheres. It 
seems reasonable then that orientation 
differences can account for the variation 
in pressure drop through beds of par- 
ticles of the same diameter and shape 
packed to the same porosity. Such dif- 
ferences will be expected to be greatest 
when comparing packings where orien- 
tation can be preferred or directed, such 
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as stacked Raschig rings and dumped 
Raschig rings. For these a single por- 
osity correlation might be seriously in 
error. 
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Notation 
(With representative units) 


a = surface area of particles per 
unit volume of bed, sq.ft./ 
cu.ft. 

term introduced in streamline 
flow equation. Ilas a value 
of one when a plane passed 
through the bed perpendicu- 
lar to the major flow axis 
cuts spheres from only one 
layer, and a value of two 
when spheres from two lay- 
ers are cut by the plane 
diameter of column or packing 
container, ft. 
diameter of particles or pack- 
ing units, ft. 
height of protrusions or valleys 
contributing to surface 
roughness of particle, ft. 
symbols for algebraic functions 
conversion factor from mass 
to weight units, 32.2 (Ib. 
mass ) ( ft. )/ Cb. force) (sec. > 
(sec.) 
pressure drop in height of 
flowing fluid, ft. (more spe- 
cifically, ft. Ib. force/Ib. 
mass ) 
height of periodic variation in 
stacked spheres, it. 
constants in equations 
linear velocity at a 
ft. /sec. 
= superficial velocity based on 
empty column, ft./sec. 
= height of packed column; ft. 
orientation factor 
porosity or fractional free vol- 
ume of a packed bed. For a 
bed of infinitesimal height, 
it is the fractional free area 
viscosity, Ib. mass/( ft.) (sec. ) 
density, Ib. mass /cu.ft. 
= shape factor of a particle 


point, 


Literature Cited 


Blake, F. C., Trans. Am. Inst. Chem. 
Enoars., 14, 415 (1921-22) 

Carman, P. C., Trans. Inst. Chem. 
Engrs. (London), 15, 150 (1937). 
Graton, L. C., and Fraser, H. J., J. 
Geol., 43, 785 and 910 (1935). 
Kozeny, J., Sitsber. Akad 

Wien, 136a, 271 (1927). 


Wiss. 


(Presented at Boston Meeting, Bos- 
ton, Mass.) 


February, 1951 


Con 

—+—1 6-6 RHOMBOHEDRAL NO. 6 i 
ti} SN BLOCKED PASSAGE 

| 

4 

— 

ey Values of 
° 

— h = 

1 

BY 

3. 

4. 

7a 

Page 94 


MOVING BED RECYCLE CATALYTIC 
CRACKING CORRELATIONS 


Product Distribution and Process Variables 


J. B. MAERKER, J. W. SCHALL, and J. C. DART 


Houdry Process Corporation, Marcus Hook, Pennsylvania 


HIS paper presents the results of 

a pilot plant investigation of moving 
bed recycle catalytic cracking of petro- 
leum fractions to determine the effect of 
the process variable recycle ratio on 
product yields and quality. A previous 
paper (1) presented a correlation show- 
ing the effect of the process variables 
of space rate, catalyst-to-oil ratio and 
temperature for once-through catalytic 
cracking. An extension of this investi- 
gation to include the effect of an addi- 
tional process variable, recycle ratio, is 
presented herein. Together these two 
papers provide methods for estimating 
product yields over the full range of 
operating conditions normally employed 
in commercial cracking units. 

In recycle cracking operations the 
total reactor effluent boiling above gaso- 
line is fractionated into a light gas oil 
cut, a heavy gas oil cut, and a polymer 
bottoms. In this investigation, the 
heavy gas oil was used as recycle and 


TABLE A 


Gravity, © API . 
Vacuum Distillation 
(corrected to 760 mm. Hg.) 


End Point 


Sulfur, wt 
Aniline Point, 


0.5, 1.0, 2.0 
Cracking Temperature, °F. . 850, 900, 950 
Space Rate, wt./(br.)(wt.) .... 


Nore: Additional data concerning charge 
stock inspections; pilot plant data which 
include operating conditions, yields, and 
product inspections for the operations con- 
ducted at cracking temperatures of 850°, 
900°, and 950° F. respectively are on file 
(Document 3128) with the American Docu- 
mentation Institute, 1719 N Street, North- 
west, Washington, D. C. Obtainable by 
submitting $1.00 for microfilm and $1.80 
for photocopies. 
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was charged to the reactor along with 
the fresh feed. The polymer bottoms 
yield was arbitrarily set at 5 wt. % of 
fresh feed for all runs. The ratio of 
the quantity of recycle to the quantity of 
fresh feed is defined as recycle ratio. 
Once-through operation is therefore the 
lower limit of recycle operation, iLe., 
operation at zero recycle ratio. As re- 
cycle ratio is increased at constant 
iresh feed rate, progressively larger 
amounts of heavy gas oil are returned 
to the reactor. By cracking the heavy 
gas oil to extinction in recycle opera- 


3 


tion, a higher yield of gasoline from a 
given fresh feed can be obtainéd, A 
detailed knowledge of the effect of re- 
cycle operation on the process results is 
necessary for the most efficient design 
and operation of commercial cracking 
units, 


Presentation of Data 
Cracking results reported herein were 
obtained from a moving bed pilot unit 
which has a maximum charge capacity 
of approximately 3  bbl./day. The 
charge stock used im this study was an 


+4 


RECYCLE RATIO-© 

1.0 RECYCLE RATIO 

20 RECYCLE RATIO - 4 
| | | 


70 60 90 


CONVERSION, WEIGHT % 
Fig. 1. Product distribution vs. conversion at 850° F. 
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East Texas heavy gas oil (56-77 vol. % 
of crude) whose properties are summar- 
ized in Table A. Only one catalyst, a 
33 A.l. plant-aged silica-alumina bead, 
was used throughout this investigation. 

Experimental data upon which this 
paper is based were obtained from a 
series of 19 recycle cracking runs. Re- 
cycle ratio, cracking temperature, and 
space rate were varied individually to 
cover the range of operations tabulated 


a 
90 

Fig. 2. Product distribution vs. conversion at 900° F. 


in Table B. Catalyst-to-oil weight ratio 
was held constant at 2.15 throughout 
this investigation with the exception of 
one run where it was increased to 6.6. 


Product Distribution. | Conversion 
may be used to indicate the extent of 
the cracking reaction and is defined as 
100 minus the per cent of catalytic gas 
oil based on the fresh feed charge. The 
weight per cent conversion may be de- 


Fig. 3. Product distribution vs. conversion at 950° F. 


fined also as the sum of the weight per 
cent yields of gasoline and lighter prod- 
ucts plus coke. 

Product yields obtained at cracking 
temperatures of 850° F., 900° F., and 
950° F. are presented as a function of 
conversion in Figures 1-3, respectively. 
Recycle ratios are shown as parameters 
on each graph. The curves drawn for 
zero recycle ratio were obtained from 
data and correlations previously pub- 
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lished (1). The curves which repre- 

sent the recycle data are consistent with 

correlations presented in a subsequent 

section of this paper. 

At constant recycle ratio and temper- 
ature, the yields of gasoline, C, cut, dry 
gas, and coke increase with an increase q 
in conversion. At constant conversion, ; 
gasoline yield increases and the yields 
of coke, dry gas, and C, cut decrease 
with an increase in recycle ratio at each 
temperature level. At constant conver- 
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sion and recycle ratio, the yields of 
gasoline and coke decrease and the 
yields of Cy, cut and dry gas increase 
with an increase in cracking tempera- 
ture. 

It has been shown previously. that 
space rate and catalyst-to-oil ratio are 
interchangeable variables once- 
through cracking (7). In this study 
one run at 850° F. cracking temperature. 
0.5 reeyele ratio, and 92.3 wt. % con 
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TOTAL GaS (Cy & L'GHTER) PLUS COME, WEIGHT TOTa&L FEED 
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1.0 RECYCLE RaTiO ° 
2.0 RECYCLE a 
Fig. 12. Effect of space rate on yield of 
total gas plus coke at 850° F. 


version was made at the higher catalyst 
to-oil ratio of 6.6. The product distri- 
bution obtained on this run is consistent 
with those obtained at 2.15 catalyst-to 
oil weight ratio. This indicates that 
space rate and catalyst-to-oil ratio are 
also interchangeable variables in recycle 
cracking. 


Product Quality. The most important 
quality factor of the gasoline is its 
number. At constant cracking 
temperature, recycle ratio has no effect 
on octane number. This is in 
Table 1 by the average octane rating 


octane 
shown 


obtained at each recycle ratio and tem- 
perature. 

The gas oil product is that portion of 
the synthetic crude which boils between 
gasoline and cycle stock. The impor- 
tant properties of this material are its 
boiling range, gravity, and aniline point. 
General trends which depict the effect 
of conversion on the gravity, aniline 
point, and boiling range of the light 
gas oil are shown in Table 2. 

API gravity and aniline point of the 
gas oil decrease with an increase in 
conversion and are independent of re 
cycle ratio and cracking temperature. 
The marked decrease in the 9% 
evaporated point with an increase in 
conversion shows that the increased 
conversion is obtained by cracking the 
heavy portior of the light gas oil. Re- 
cycle ratio has no discernible influence 
on the boiling range except as it affects 
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conversion. Temperature appears to 
have some independent effect on the 
boiling range of the light gas oil, but 
insufficient data are available to estab- 
lish this effect quantitatively. In gen- 
eral, at constant conversion the higher 
temperatures produce somewhat higher 
boiling gas oils. 


Correlation of Experimental Data 


It was demonstrated in the once- 
through moving bed cracking studies 
that the yield data could be correlated 
on the basis of relationships which were 
found to exist among the yields of the 
products from the cracking reaction. It 
was shown also that the effect of the 
process variables on product yields could 
best be correlated with the yield of total 
gas plus coke (/). Correlation of the 
data from the recycle operations has 
followed this same general plan. 


Interrelationsnips of Products of 
Cracking. Figures 4-6 present the rela- 
tionship between the yield of C,* gaso- 
line and the yield of total gas plus coke 
at temperatures of 850° F., 900° F., and 
950° F., respectively. Parameters of 
recycle ratio are indicated on these 
figures. At constant temperature and 
constant yield of total gas plus coke, 
gasoline yield increases with an increase 
in recycle ratio. At constant tempera- 
ture and recycle ratio, gasoline yield 
increases with an increase in yield of 
total gas plus coke. When recycle ratio 
is held constant, the gasoline yield de- 
creases with an increase in cracking 
temperature at a constant yield of total 
gas plus coke. Figures 4-6 also may 
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be used to determine the yield of gas 
oil since the difference between 100 and 
the sum of the weight per cent yields 
of gas plus coke and gasoline is equiv- 
alent to the weight per cent yield ef 
gas oil. 

The relationship between the yields 
of total gas (C, and lighter product) 
and coke is shown in Figure 7. The tem 
perature parameters shown are those 
obtained in the correlation of once- 
through cracking data. These para- 
meters define the recycle cracking 
results within the accuracy of the data. 
Recycie ratio has no effect on the rela 
tionship between the yields of total gas 
and coke. This relationship shows that 
the total gas yield increases with an 
increase in coke yield at any given tem- 
perature and also increases at constant 
coke yield with an increase in cracking 
temperature. 

The relationship between the yields 
of total gas (C, and lighter) and dry 
gas (Cs and lighter) is shown in Figure 
8 to be a linear function on logarithmic 
coordinates at constant cracking temper- 
ature. Recycle ratio has so effect on 
this relationship. The temperature par- 
ameters used to represent the recycle 
data were those obtained from the 
once-through data although the recycle 
results indicate there might be a slightly 
different slope for these parameters. 
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The dry gas yield increases with an 
increase in total gas yield at any crack- 
ing temperature and also increases with 
an increase in cracking temperature at 
a constant total gas yield. The yield of 
C, cut can be obtained by the difference 
between the yield of total gas and dry 
gas. 

Figure 9 shows the relationship be- 
tween the yield of dry gas (Cy, and 
lighter) and the yield of total C, cut. 
This relationship is independent of re- 
cycle ratio and temperature. The yield 
of C, cut increases with an increase in 
dry gas yield. The yield of C, and 
lighter product can be obtained by dif- 
ference between the yields of dry gas 
and total C; cut. 

Since the yields of gasoline and gas 
oil are normally presented on a volume 
basis, it is necessary to have available 
a method for converting the weight per 
cent yields presented in the preceding 
correlations to a volumetric basis. Fig- 
ure 10 presents the relationship between 
the weight and volume per cent yields 
of gasoline. Figure 11 presents the re- 
lationship between the weight and vol- 
ume per cent yields of total gas oil. 


Effect of Process Variables on Prod- 
uct Distribution. The preceding corre- 
lations have established the interrela- 
tionships among the yields of the var- 


Chemical Engineering Progress 


10 15 20 26 30 36 
TOTAL GAS (Cy & LIOWTER) PLUS COKE, WEIGHT % TOTAL FEEO 


LEGEND 
0.5 RECYCLE RATIO- 
1.0 RECYCLE RATIO - © 


Fig. 14. Effect of space rate on poe of total gas plus 


coke at 950° 


ious products of the cracking reaction. 
Such correlations are insufficient in 
themselves for process design work 
since they do not relate product distri- 
bution to operating conditions. There- 
fore, the experimental data were ana- 
lyzed to determine the effect of space 
rate, catalyst-to-oil ratio, cracking tem 
perature, and recycle ratio on product 
distribution. 

It was found that if space rate, cata 
lyst-to-oil ratio, and the yield of total 
gas plus coke were calculated on a total 
feed basis (fresh feed plus recycle 
stock), all recycle data fell, within ex- 
perimental error, on lines predicted from 
the correlation of process variables 
already established for once-through 
cracking (1). This is illustrated for 
cracking temperatures of 850° F., 900° 
F., and 950° F. in Figures 12-14. Ata 
constant temperature and a catalyst-to- 
oil weight ratio of 2.15, the yield of 
total gas plus coke, based on the total 
reactor feed, varies inversely with the 
log of the total space rate. Recycle ratio 
appears to have no effect on this rela- 
tionship. 

No separate investigation was made 
to determine the effect of catalyst-to-oil 
ratio on the yield of total gas plus coke 
in recycle operation. However, one re- 
cycle run was made at a catalyst-to-oil 
weight ratio of 6.6. The yield of total 


- 


3 22 3 \ 

\ 
1.8 

\ 

\ 

| 

4 

Page 99 


SPACE RATE ,WT/WT/HR., TOTAL FEED 


REFERENCE LINES: 
Q ast Texas HEAVY Gas on 


(56-77 % CRUDE) 


33 Al BEAD CATALYST 


16 20 


GAS % FRESH FEED 


TOTAL 


TOTAL GAS (Cq & LIGHTER) PLUS COKE, 
wr £0 


Va 


| 
+—+ —_+—_+— 980 


+ 


++ 


FEFERENCE 
@ east Texas Heavy Gas 
OL (56-77 % CRUDE) 


33 Al BEAD CATALYST 


TOTAL GAS (Gq @ LIGHTER) PLUS COKE, 
WT % TOTAL FEED 


= 


Fig. 15. Effect of process variables on yield of total gas plus coke. 


GASOLINE ,385°F @ 90 % , 


VOL % FRESH FEE 


gas plus coke and total 
gas oil. 


Chemical Engineering Progress 


Fig. 16. Relationship between yields of total 
gas plus coke and C, + gasoline. 


gas plus coke from this run was 26.6 
wt. % based on total feed compared 
with 26.7 wt. % predicted from the 
correlation of once-through cracking 
data. It has been assumed therefore 
that the relationships between the 
process variables and the yield of total 
gas plus coke which were developed 
from once-through cracking data would 
also apply to the recycle cracking data 
when space rate, catalyst-to-oil ratio, 
and the yield of total gas plus coke are 
calculated on a total feed weight basis 


Applications of Correlations 


The correlations developed in the 
preceding section make it possible to 
(1) predict the product distribution at 
a given temperature and recycle ratio 
when the yield of one major product is 
known, (2) predict the product distri- 
bution at a given set of operating con- 
ditions, and (3) predict the operating 
conditions necessary at a given temper 
ature and recycle ratio to obtain a spe- 
cific yield of one of the major products. 
These predictions become tedious when 
using the basic correlations in the form 
in which they were presented in Figures 
4-14. Furthermore, a larger number of 
pilot plant runs would be necessary to 
establish the cracking characteristics of 
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other types of stock and/or catalysts 
using the correlations in the aforemen- 
tioned form. Therefore, the correla- 
tions have been made more functional 
by the construction of combination 
charts based on the relationships *hown 
in the preceding section. These com- 
bination charts are presented in Figures 
15-20. The reference lines showr§ are 
tor cracking East Texas heavy gas oil 
(56-77% of crude) over 33 A.I. silica- 
alumina bead catalyst. The guide lines 
illustrate an example in which product 
distribution is predicted for a given set 
of operating conditions, It should be 
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noted that the yield of gas plus coke 
obtained from Figure 15 is based on the 
total feed. This must be converted to 
a fresh feed basis by multiplying by the 
term (one plus recycle weight ratio’ 
before it can be used on Figures 16-18, 
inclusive. 

The validity of the correlations and 
combination charts has been checked 
using different types of charge stocks 
and catalysts. The combination charts 
can be adapted to all normal cracking 
catalysts and to all charge stocks which 
are essentially free of nitrogen (less 
than 0.1 wt. % N). 

The combination charts are easily 
adapted to other types of charge stocks 
and/or catalysts by means of appro- 
priate reference lines. The basic crack- 
ing characteristics of a given charge 
stock and/or catalyst can be obtained 
with a minimum number (3-5) of 
properly chosen pilot plant runs. Ex- 
perimental data thus obtained can be 
plotted on the various combination 
charts to establish the appropriate re 
ference lines 


Conclusions 


By means of the correlations devel- 
oped, it is possible (1) to predict the 
product distribution at a given recycle 
ratio and temperature when the yield of 
one major product is known, (2) predict 
the product distribution at a given set 
of operating conditions, and (3) predict 
the operating conditions necessary at a 
given temperature and recycle ratio to 
obtain a specified yield of one of the 
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major products. The correlations can 
be adapted to other charge stocks (es 
sentially free of nitrogen) and/or cata- 
lysts by establishing reference lines on 
the combination charts with a minimum 
of three sets of experimental data. These 
correlations will only assist the 
process engineer in the design of com- 
mercial units, but also will provide a 
for adjusting the operation of 
commercial units to meet the individual 
refiner’s requirements. 
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ERRATA 


In “Turbulent Diffusion in Fixed 
Beds of Packed Solids,” by R. A. Ber- 
nard and R. H. Wilhelm (C.E.P. 46, 
233, 1950) the sign of the exponential 
in Equation (13) is The 
proper form of the equation is as fol- 


reversed. 


+ 
(a* + 48,7)" 


J (Br) 
J (B,a) 
Also the line following Equation (9) 


should read: “with J,;(B,a) = 0. (B,a), 


(Ba), (Bya) 


(13) 


are,” ete. 
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Here is another article for Management on how development is handled . . . this time by an executive 
of Canadian Industries, Limited, who in a brief but inclusive description, traces the history of a typical 
case . . . tells the who, what, where, and when of responsibility for estimates on costs and practicability. . . . 


CHEMICAL ENGINEERING IN A SMALL 
DEVELOPMENT ORGANIZATION 


F. S. McCARTHY 


Canadian Industries Limited, Montreal, Canada 


HE chemicals department of Can- 

adian Industries Limited manufac- 
tures and sells a large number of indus- 
trial chemicals; it has plants in five 
places in eastern Canada, and sales offices 
all across the country. The department is 
made up of four divisions: production, 
sales, control, and development. The 
functions of the control division may 
not be as evident as those of the pro- 
duction and sales divisions; the term 
“control” has a much pleasanter asso- 
ciation for chemical engineers than the 
nasty word “accounting.” Development 
may not be so nasty a word but it is 
used in so many ways that it has come 
to have almost no meaning. The devel- 
opment division is mainly responsible 
for the growth of the department— 
either by expansion of existing produc- 
tion or through the manufacture of addi- 
tional chemicals—and for the discovery 
and investigation of improvements to 
existing products and processes. It may 
be said that the future profits of the 
department depend to a high degree on 
this division. It employs about 25 people 
and has an annual budget, exclusive of 
research and pilot plant expenditures, 
of about $150,000. 
The development division comprises 
three sections: pioneering, market re- 
earch and chemical engineering. In 


principle the pioneering section is re- 
ponsible for prosecuting the work of 
he division and the other sections pro- 
yide the more specialized services of 
market research and chemical engineer- 
ing and although this principle is usually 
applied, in practice it is sometimes more 
effective or more efficient to assign 
studies directly to one of the service 
sections. 

This article will describe the functions 
and organization of the chemical engi- 
neering section, and explain by an 
example, how it works within the or- 
ganization just outlined. Before doing 
this, however, two other departments of 
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the company must be mentioned. The 
chemicals department is only one of five 
industrial departments in the company 
and some of the more specialized func- 
tions common to all five groups, such as 
purchasing, research and engineering, 
have been organized into company de- 
partments serving all the industrial 
departments. In the development divi- 
sion the pioneering section is responsible 
for liaison with the company’s research 
department and the chemical engineer- 
ing section has close relations with the 
engineering department. The research 
department has a broad company re- 
sponsibility but from the narrow devel- 
opment division viewpoint it is a place 
where research required by the division 
can be carried out under the guidance 
of the pioneering section. In general, 
the engineering department has a re- 
sponsibility for all engineering carried 
out in the company but from the special- 
ized point of view of the chemical 
engineering section it provides mechan- 
ical design and layout of process equip- 
ment, the buildings to house the 
equipment and the services to run it all 
on the basis of primary information 
supplied by the chemical engineering 
section. In addition, all capital estimates 
used in appropriation requests must be 
approved by the engineering department. 
The chemical engineering section is 
concerned with the physical means of 
production—the actual pumps, pipes, 
heat exchangers and other equipment 
used for manufacture and, sinte eco- 
nomic plant design is the compromise 
between capital and operating costs re- 
sulting in minimum over-all production 
cost, the chemical engineering section is 
also responsible for establishing the 
number and caliber of operating and 
maintenance people and the preparation 
of operating instructions. From this 
general definition it follows that the 
principal duties of the section are: 
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Selection, design and specification of 
process equipment 

Tabulation of service requirements 
(steam, electricity, etc.) 

Determination of operating crew size 

Operating cost estimates 

Preliminary capital estimates 

Pilot plant design and operation 

Liaison with engineering department 

Start-up of full-scale plant 


The organization of the chemical 
engineering section is shown in Figure 
1. Each block represents a man. 

The process engineers are the key 
men of the organization since full re- 
sponsibility for prosecution and coordi- 
nation of all work on any particular 
project is in their hands. They refer 
chemical engineering design, instrumen- 
tation and preliminary capital estima- 
tion to the specialists indicated on the 
right. The process engineer must be a 
graduate in engineering but not neces- 
sarily chemical. He should preferably 
have had five years’ experience in oper- 
ations, in maintenance and plant engi- 
neering. He must know equipment and 
its uses and limitations. He must have 
a good knowledge of plant operation 
and understand the elements of plant 
operating costs. Such men are scarce in 
Canada, so scarce that it is now felt 
that incoming graduates must be selected 
shortly after their preliminary training 
course, earmarked for the chemical 
engineering section, and assigned for 
four or five years to jobs in the pro- 
duction division, which are carefully 
chosen to provide the necessary train- 
ing. 

The chemical engineer is a specialist. 
He is the man capable of calculating 
heat exchangers, absorption towers. dis- 
tillation columns, etc. He knows chem 
ical engineering thermodynamics. The 
company prefers a Ph.D. so wrapped up 
in his work that he is prepared to spend 
the rest of his life at it. Plant exper- 
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Fig. 1. Organization Chart. 


ience, though highly desirable, is not 
essential. 

Although some modern processes 
simply could not be operated without 
modern instruments and although much 
instrumentation is required to ensure 
safe operation and for other similar 
basic reasons, the extent of instrumen- 
tation depends, like other plant design, 
mainly on the compromise between 
capital and operating costs which re- 
sults in minimum over-all production 
cost. The large, rapid and continuing 
increase in the cost of employing a 
man has influenced this compromise in 
the direction of more instrumentation. 
In recognition of this, and because of 
the increasingly complex and specialized 
nature of industrial instrumentation, it 
is felt that the chemical engineering sec- 
tion can justify employing an instru 
ment engineer. 

This man does more than provide in- 
struments at the request of the process 
engineer. He must understand the 
processes and operations used, and 
recommend economical instrumentation, 
and he often suggests process changes 
to achieve a better over-all design. The 
universities, probably rightly, do not 
graduate young men as instrument engi- 
neers so that a long period of post- 
graduate training is required. 

It is believed that the necessity of 
locating an instrumentation enthusiast 
makes it undesirable to specify that he 
should necessarily be a chemical engi- 
neer. We selected a mechanical engi- 
neer, taught him basic chemical engi- 
neering, had him visit almost all our 
plants to study their equipment and 
operation and, incidentally, prepare a 
complete monograph of each, and finally 
sent him for training to all the major 
instrument companies. 

In the opinion of this company any 
study. of chemical manufacture should 
include a series of increasingly accurate 
forecasts of profitability. A rough ap- 
proximation should be made at the idea 
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ESTIMATING 
ENGINEER 


stage, a second and more accurate after 
basic research, a third and still more 
accurate after bench scale plant opera- 
tion, and so on. This procedure helps to 
minimize unprofitable development work. 
However, upwards of a dozen capital 
estimates may be required on only one 
project. Good design has twice already 
been defined as a compromise between 
capital and operating costs resulting in 
lowest over-all production costs. There 
are nearly always several ways of car- 
rying out an operation and no two of 
them will have the same capital or 
operating costs. The only way to select 
the best is to make estimates, and it is 
not hard to imagine that the develop- 
ment of an optimum process may re- 
quire literally dozens of such estimates. 
It is believed that efficiency has been 
greatly increased by making one man, 
the estimating engineer, responsible for 
capital estimates. 

After certain basic qualifications are 
assumed, the interest of this man in his 
job is again of paramount importance 
It was this company’s good fortune to 
find a mechanical engineer with plant 
background and seven or eight years of 
plant design and equipment ordering in 
the company’s engineering department. 
Following basic training in chemical 
engineering and industrial chemistry a 
program was laid out of collecting and 
collating cost information on whole 
plants—for example, contact sulfuric 
acid plants, on individual items of 
equipment, as for instance, pumps, and 
on piping and valves. 

It is our company’s opinion that suc 
cessful operation of a chemical pilot 
plant requires a combination of chemical 
and chemical engineering theory and 
practical knowledge of equipment oper- 
ation and maintenance seldom found in 
one man. Our present staff consists of 
two chemical engineers, one of whom 
has the fundamental knowledge and the 
other the practical experience. We have 
found that they make a good team. 
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How It Works 


Let us suppose that someone in the 
organization has had an idea for a new 
process and study has shown it to be 
theoretically sound. The next step in the 
development of the idea is a prelimin- 
ary manufacturing study to determine 
profitability. The purpose of such a study 
is to try, honestly, to show that the 
proposal provides a reasonable chance 
for profit. The chemical engineering 
section is expected to provide prelimin 
ary capital and operating costs. As a 
rule there is little technical knowledge 
available at this stage and assumptions 
must be made. The engineer must over 
come his habitual and 
make these assumptions on the most 
optimistic basis consistent with good 
sense. The preliminary manufacturing 
study must be an estimate of profitably 
assuming that everything goes well, or 
else good ideas may be rejected at this 
stage. 

The project is assigned to a process 
engineer and it remains his responsi- 
bility from then on until it is either 
abandoned or in successful full-scale 
operation. In the preliminary study he 
somewhat arbitrarily selects unit oper- 
ations for the proposed process and 
draws a descriptive flow sheet which 
shows each piece of equipment diagram 
matically and provides space for tabula- 
tion of all basic equipment information 
The process engineer proceeds to de 
velop this information, sizing simple 
items like tanks and pumps himself, and 
turning things like heat exchangers and 
absorption towers over to the chemical 
engineer. At the same time the instru 
ment engineer proceeds with his spe 
cialized function and the estimating 
engineer keeps an eye on design and 
suggests changes where he thinks capital 
costs can be reduced. He also proceeds 
with his estimate. When the flow sheet 
is done the process engineer tabulates 
power requirements and completes his 
operating cost estimate, and the estimat 
ing engineer completes his capital esti 
mate. 


conservatism 


The estimate is completed in three to 
five days, which is possible only because 
of rapid approximate design methods 
devised by our chemical engineer, the 
techniques developed by the estimating 
engineer, and the specialized knowledge 
of the instrument engineer. The accur- 
acy of the estimates is at least as good 
as the over-all accuracy of the study at 
this stage. The flow sheet prepared in 
the preliminary study may be revised 
and refined out of all recognition as 
more precise information is obtained 
and more careful designs made, but it is 
never abandoned entirely and serves as 
a point of departure throughout the life 
of the project. 
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If the results of the preliminary 
manufacturing study are encouraging— 
and usually they are not—the next step 
is in most cases the development of 
fairly basic chemical and physical in- 
formation in the research department. 
This work may show that the chemical 
engineering section’s plant design must 
be changed but the changes do not alter 
the preliminary nature of the flow sheet. 
Changes to capital and operating cost 
estimates may be required also and these 
im turn may lead to revision of the 
preliminary manufacturing study. In 
general, the chemical engineering sec- 
tion acts only as an observer at this 
stage. 

The next stage of the development is 
probably the operation by the research 
department for the development division 
of a bench-scale plant to demonstrate 
the chemical feasibility of the whole 
process, step by step. The process engi- 
neer sits in on the design of this plant 
to assure himself that the unit opera- 
tions used are feasible on a large scale 
and generally to ensure that his flow 
sheet and bench-scale design are basic- 
ally similar. He also observes operation 
closely, making revisions to his flow 
sheet and operating cost estimates as 
definite information is developed. At the 
conclusion of the bench-scale work the 
chemistry of the process has been estab- 
lished and the capital and operating cost 
estimates are reasonably accurate from 
this point of view. 

However, since unit operations were 
only arbitrarily selected and equipment 
only roughly designed, the flow sheet is 
still approximate from an engineering 
point of view. The most careful designs 
possible are required at this stage in 
order to reappraise the profitability of 
the project as accurately as possible be- 
fore deciding to spend money on the 
next step, which is usually the erection 
of a pilot plant to prove the process and 
also because the pilot plant cannot be 
designed properly unless the full-scale 
unit operations have been established. 
The procedure used by the chemical 
engineering section in this careful de- 
sign is the same as in the preliminary 
design except that rigorous methods are 
used and the capital estimate is checked 
by the engineering department. 

If the second major appraisal of pro- 
fitability shows that the project is still 
attractive, and it is decided to build a 
pilot plant, the process engineer in con- 
sultation with the spe.ialists designs the 
process equipment, prepares a tabula- 
tion of service requirements and an 
operating cost estimate. These are then 
turned over to the engineering depart- 
ment personnel who make layouts, build- 
ing, service and mechanical designs and 
prepare a capital estimate. The pilot 
plant supervisor sits in on all this work. 
An appropriation request is prepared by 
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the development division and on ap- 
proval the engineering department pro- 
ceeds with pilot plant construction. The 
process engineer is responsible for en- 
suring that the design is satisfactory 
from the development division view- 
point, and the pilot plant supervisor 
usually acts as field engineer during 
construction. 

The chemical engineering section op- 
erates the pilot plant. We have found 
most useful an advisory committee con- 
sisting of the pilot plant supervisor, the 
chemical engineer, and representatives 
of the research department and pioneer- 
ing section. We consider it important 
also to have the chemical engineer and 
the instrument engineer personally ob- 
tain the specialized knowledge which 
they require from the pilot plant. 

Successful completion of pilot plant 
operation makes possible final revision 
of the full-scale process design. The 
development division makes a final study 
of profitability and if the project is still 
attractive submits a final report recom- 
mending the erection of a full-scale 
plant. 

If the recommendation is accepted the 
chemical engineering section arranges 
to have the engineering department 
proceed with final full-scale plant lay- 
outs, building, service and mechanical 
design and a final capital estimate. The 
process engineer sits in on this work, 
provides all process information and 
generally ensures that the design is sat- 
isfactory to the chemicals department. 
When this is done the development di- 
vision prepares an appropriation re- 
quest and, on approval, construction is 
started by the engineering department. 

The chemical engineering section re- 
presents the interests of the chemicals 
department during the construction 
period. It is responsible also for the 
preparation of complete operating man- 
uals and for the initial operation of the 
plant. Its responsibility is at an end 
only when capacity operation within 
predicted costs has been established. 


Discussion 


H. Gordon Foucar (Polymer Corp., 
Sarnia, Ont., Canada) : In the organiza- 
tion that you indicated who has the 
responsibility of keeping the group busy 
with ideas? Who is the originator of 
the ideas ? 

F. S. McCarthy: The group within 
the division responsible for coming up 
with new ideas is the pioneering section. 

Einar West (Hercules Powder Co., 
Wilmington, Del.) : How many projects 
can you undertake at one time? 

F. S. McCarthy: It obviously de- 
pends on the projects. At this particular 
moment we are keeping two major 
projects under way in the division and 
we also have, I should think, about a 
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dozen others in various stages of devel- 
opment, although most are in a fairly 
preliminary stage. Actually the chem- 
ical engineering section would not be 
working on more than two or three 
projects at any one time. 

William L. Williams, HII (C. F. 
Braun & Co, Chicago, Ill.) : You spoke 
of the importance of the estimate. As 
I understand it, you make several esti- 
mates as you go along. And you use 
these to firm up the project. 

Do you feel that information gained 
from industries dissimilar to yours can 
be applied to your case? Or do you need 
a separate summary from your own 
control department to insure a steady 
flow of good data on your own actual 
operations ? 

F. S. McCarthy: The answer is that 
we do both things. We do not feel that 
the information which is usually readily 
available is in a form ready for us to 
use. It requires that we do a consider- 
able amount of collating and actually it 
has to be oriented in time. 

F. Gordon Foucar: Could you tell 
us something about your method of 
choosing men for the pioneering sec- 
tion? Do you draw them from your 
own organization ? 

F. S. McCarthy: That is one of our 
major problems. We have been looking 
for men suitable for the pioneering 
section ever since it was started. We 
have never had a full complement of 
people. You ask how we go about find- 
ing men. The company receives appli- 
cations from various sources and some- 
times the personnel people send us likely 
looking young men and women. With 
luck we might get one person a year in 
this way. We also keep an eye on the 
young people in our own company who 
are getting the background and experi- 
ence required for development work. 

G. W. Hatheld (National Research 
Council, Chalk River, Ont., Canada) : 
At what stage does the production group 
take over the plant from the chemical 
engineering group? 

F. S. McCarthy: The chemical 
engineering section is responsible for 
the plant until capacity operation within 
predicted costs has been demonstrated. 
The production division takes over at 
that time. We use the initial operating 
period for completion of training of the 
operating personnel and supervisory 
force selected by the production division. 
None of these people has been as inti- 
mately concerned with the design of the 
plant as the responsible members of the 
chemical engineering section. The latter 
are presumed to be the experts and al- 
though this may sometimes be open to 
question it is still the presumption. 


(Presented at Montreal 
Montreal (Que.), Canada.) 
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A Young Engineer 
Looks at His 


‘Profession’ 


Q' what service to humanity is engi- 
neering? Is its contribution compar- 
able to that of the older occupations more 
widely recognized as “professions”? If so, 
why are engineers not generally recognized 
as “professionals”? If the contribution is 
not comparable, why not, and can our 
contribution be increased? These questions 
have been of increasing importance to me 
as I pursue engineering. 

For clarity and accuracy, the important 
terms should be defined—tor example, an 
engineer as a graduate of an engineering 
course at an accredited college. Webster 
(29) defines engineering as “the art and 
science by which the properties of matter 
and the sources of power in nature are 
made useful to man in structures, machines, 
and manufactured products; the occupation 
and work of a professional engineer. 
Fifty-eight branches of engineering are 
mentioned. Definitions of profession range 
from “broadly, principal calling, 
vocation, or employment” to the much nar- 
rower one—"“a calling in which one pro- 
fesses to have acquired some special knowl- 
edge used by way ecither of instruction, 
guiding or advising others or of serving 
them m some art.” The dictionary recog- 
nizes three “learned professions” —theology, 
law and medicine. Professional is defined 
as “characteristic of or conforming to the 
technical or ethical standards of a profes- 
sion or an occupation regarded as such.” 

Certainly engineering is a profession un- 
der the broadest definition above. When the 
question is recognition of the engineer by 
the public as a “professional,” however, 
the second definition is what most engineers 
have in mind. Most engineers consider 
themselves as professional as doctors, law- 
yers, or ministers, and would like to have 
the public recognize this. It is generally 
assumed (34) that such recognition has not 
been granted; the dictionary’s naming of 
only three learned professions bears this 
out, as does the recent minimum wage 
law (22) 


one’s 


Characteristics of a Profession 


Granting this public non-recognition as 
a fact, let us investigate whether engineer- 
ing as a vocation generally fulfills the 
definition and characteristics of the voca- 
tions more widely recognized as profes- 
sions. The minister, though considered a 
professional, will be omitted from much of 
the following discussion since his profes- 
sion is so much less formalized. The char- 
acteristics mentioned in the dictionary defi- 
nition of profession and professional are 
(a) acquired yer knowledge, (b) used 
in instructing, guiding, or advising others 
or of serving them, (c) technical standards, 
and (d) ethical standards. Dr. Warren K 
Lewis (16) similarly phrases the charac- 
teristics as (a) sound training and technical 
competence in some field of specialization, 
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(b) “capacity for outstanding initiative and 
leadership in his field,” and (c) “responsi- 
bility for intelligent and disinterested ad- 
vice and service, not only to clients, but also 
to society as a whole.” The new Wage- 
Hour Law (2/) states the following: to 
qualify for professional exemptions “an 
employee must, as his primary duty, do 
work requiring knowledge of an advanced 
type in a field of science or learning cus- 
tomarily acquired by a long course of 
specialized intellectual instruction, or work 
that is original and creative in character 
in a recognized artistic field and the result 
of which depends primarily on the inven- 
tion, imagination or taient of the employee. 
The work must be predominantly intellec- 
tual and varied in character and of such a 
nature that the output or result cannot be 
standardized in relation to a given period 
of time, and must require the consistent 
exercise of discretion and judgment.” 

Justice Brandeis (8) defined a profession 
as “an occupation requiring extensive pre- 
liminary intellectual training, pursued pri- 
marily for others and not merely oneself, 
and accepting as a measure of achievement 
one’s contribution to society rather than 
individual financial advancement.” 

The following is a compilation of these 
definitions as the characteristics of the 
recognized professions : 


1. ‘Members 
knowledge 
2. Standards to enhance 
(1) 
Members who use training for service 
to public 
Standards to enhance fulfillment of 
(3) 
Enhancement of recognition of 
achievement of members in terms of 
public service. 


with special training and 


fulfillment of 


J. B. WEAVER 


Olin Industries, Inc., East Alton, Hlinois 


The medical and legal professions cer- 
tainly fulfill all these requirements, The 
education of doctors and lawyers requires 
more time than that required for an engi- 
neering degree. They are licensed by the 
states on the basis of training to meet the 
technical requirements of practice. Both 
professions gain most of their income from 
a direct consultative service to members 
of the public. In addition, the medical pro 
fession does a great deal of unpaid hospital 
work, and medical research has eliminated 
many diseases and developed countless 
valuable drugs and treatments. The legal 
profession has set up organizations to pro- 
vide free legal help for the needy, and 
lawyers have been the main source of law- 
makers and judges in our government 
((35) 59% of 80th Congress). Members 
of these professions have thus served the 
public. Both professions also have ethical 
standards by which they agree to abide; 
doctors take the Hippocratic Oath (includ 
ing (9) “the regimen I adopt shall be for 
the benefit of my patients according to my 
ability or judgment.”) and lawyers 
take an oath before they are admitted 
to the bar ((12) for Massachusetts 
including “I will not wittingly or willingly 
promote or sue any false, groundless or 
unlawful suit, nor give aid or consent t 
the same.”) 

As to measurement of achievement in 
terms of public service, income is far from 
the only criterion of advancement in these 
professions; the industry awards in the 
medical profession are rigidly tied to 
service to the public, and the underpayment 
of those widely recognized lawyers who go 
into public service is well known 
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research and development division. 


Professionalism and soul-searching inquiries into whether 
or not one is in a profession are recurrent topics in 
engineering. Usually the speakers are the elder states- 
men, with the younger men on the receiving end. Here 
it is reversed. James B. Weaver is a young engineer 
who, with this thoughtful paper on his profession, re- 
veals his disappointment when he looks at his calling. 
This paper, with this assigned title, won the essay con- 
test for junior engineers which was held in 1950 by the 
Engineering Societies of New England, who released 
the paper to us for publication. 
graduate (M.S. in chemical engineering), taught there, 
worked with Godfrey L. Cabot, Inc., from 1945-50, as pilot plant supervisor 
and as assistant to the director of research, and is now a techno-economist 
with Olin Industries, Inc., in the commercial evaluation department of the 


Weover, an M.LT. 
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WHITE SULPHUR SPRINGS 


PROGRAM 


MEETING 


OW that you know all about White 
Sulphur Springs (See “C.E.P.,” 
January issue, p. 13)—its history, 
charm, and its facilities and pleasures 
that await you as an attendant at the 
A.L.Ch.E. meeting, March 11-14, in this 
issue we propose to give you an account 
of the technical program and what its 
progenitors plan to cover at the sessions. 
The technical program, accompanying 
this account, is under the direction of 
Walter E. Lobo, of the M. W. Kellogg 
Co., who has arranged for booklets of 
complete preprints of the papers to be 


available to the members before the 
meeting. The idea back of this plan is 
to encourage and facilitate informed 
discussion at the symposium. Since the 
technical sessions will concentrate on 
one subject only, namely, “The Relation- 
ship Between Pilot-Scale and Commer- 
cial Chemical Engineering Equipment,” 
it should be easier for members to con- 
tribute some worth-while ideas to this 
symposium and especially if previous 
study and thought have been given to 
the papers. The book of preprints may 
be obtained by remitting $2.50, to S. L. 
Tyler, Secretary of the Institute. Checks 
should be made payable to the A.1.Ch.E. 
The books will be mailed out in time 
for study prior to the meeting date. 
Purchase of books will also be possible 
at White Sulphur Springs. 


@ Left to right: F. A. Otto, DuPont— 
vice-chairman, Local Committee on 
Arrangements, and A. B. Stiles, DuPont 
—member exofficio, Local Committee 
on Arrangements. 


v Below—left to right: H. F. Lewis, 
DuPont—member, egistration Com- 
mittee; G. W. Bradshaw, DuPont— 
member, Registration Committee; R. V. 
Green, DuPont—chairman, Registration 
Committee, and M. C. Guth.ie, DuPont 
—member, Registration Committee. 


Sessions 


Beginning with the first day, on Mon- 
day morning after a welcoming address 
by A. B. Stiles, technical superintendent, 
Du Pont Co., Belle Works, and chair- 
man of the Charleston Section, 
A.LCh.E., J. H. Rushton, Illinois Insti 
tute of Technology, Chicago, will deliver 
his paper, “Applications of Fluid Me 
chanics and Similitude to Scale-Up 
Problems.” This is a brief review ot 
the principles of dynaniic similitude and 
includes a general method whereby the 
requirements for dynamic similitude for 
any flowing system can be determined. 

On that morning before the 
luncheon recess the audience will hear 
a paper authored by Paul Talmey, 
Gregoire Gutzeit, and J. Robert Sprau! 
ot General American Transportation 
Corp., Chicago, titled “Relationship Be 
tween Test Data and Industrial Plant 
Equipment.” Here three general classi 
fications of engineering problems are 
discussed on designing full-scale com- 
mercial equipment. Filtering and 
settling are covered as examples in the 
first classification. Rotary dryer, pilot 
plant and field data are used as examples 
for the second group. In the third 
group, problems are discussed for which 
pilot plant tests are impossible or use- 
less. 

The afternoon session will include two 
papers—“Interpreting Small Scale Fil- 
tration Tests in Terms of Commercial 
Scale Equipment,” by J. A. Kenney of 
the Oliver United Filters, Inc., New 
York, N. Y., and “Practical Evaluation 
of Pilot Plant Filtration Data” by R. N. 
Hill and M. M. Kaiser, both associated 
with the Eimco Corp., New York, N. Y. 
In the first-named, attention has been 
centered on the scaling-up procedure and 
the type of filtration determined before- 
hand but the paper has been organized 
to reveal some aspects of type selection. 
In the latter the authors make it plain 
that there is no substitute for perfor- 
mance tests when designing a plant to 
include vacuum filters or to get the 
most out of existing filters. 

At the Tuesday morning session the 
paper, “The Relation of Pilot Plant 
Operation to Commercial Plant Opera- 
tion in Selective Energy Absorption 
Freeze Drying,” will be presented. It is 
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CREATIVE 
cNGINEERIN 


LOUISVILLE DRYER saves $45,000 yearly 
for a leading pharmaceutical plant 


KNOW THE 
RESULTS 


$0.354 per 100 Ib. 


(spoce required, 950 sq. ft.) 
45 minutes—instead of almost 24 hours for drying! 
Contamination reduced to zero—no need for reprocessing 
90,000 Ib. of crystalline chemical every year— 
(space required, 300 sq. ft.) at a cost of 50c per 100 Ib. 

It all happened when a Louisville engineer examined 
this plant’s old batch type drying process, and 
recommended the installation of a specially-designed 
Louisville dryer. The drying method was pre-tested in 
our own research laboratories and pilot plant for its 
ability to “deliver the goods.” 

If high drying costs and low drying performance are 
bothering you these days, call in a Louisville engineer. 
There is no obligation. 


Lovisville Drying Machinery Unit 
Ask for new treatise on subject of rotary dryers Quire Over 50 years of creative drying engineering 


Other General American Equipment: a GENERAL “Tae 
Turbo-Mixers, Evaporators, Thickeners, 1ON 


Dewaterers, Towers, Tanks, Bins, Buyer Seles Fourth Strest 


Filters, Pressure Vessels General Offices: 135 South La Salle Street, Chicago 90, Hlinois 
Offices in all principal cities 
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A YOUNG ENGINEER 


(Continued from page 17) 


Characteristics of Engineers 


Does the occupation of engineering share 
these characteristics? As to the training 
and technical standards, | don’t think any- 
one questions the fact. These are assured 
by the degree and in some cases state reg- 
istration. The phrase “useful to man” m 
the dictionary definition of engineering m- 
dicates some degree of public service. An 
engineer's main income does not stem from 
a direct consulting relationship with the 
public, however; service to the public is 
definitely less direct than that trom the 
well-recognized professions. The question 
ot the importance of this service will be 
considered in detail below. 

An indication of the importance which 
engineers attribute to public service can. 
however, be induced from a survey (30) 
which reported young engineers as being 
less interested in “chance to be of public 
service” in a job than in any of eight other 
job incentives mentioned. Again, an indus- 
try leader (17), and incidentally one who 
has actively sought at other times to m 
crease the professional attitude among eng!- 
neers, recently compiled a list of ten “qual- 
ities and attainments” needed in chemical 


Only, wich: CHIKSAN Ball-Bearing Swivel engineering which did not include any 


mention of public service or mterest im out 


ira you benefit from a quarter-century = side affairs—and another leader in the field 
said he would be “hard put to add to” the 
of specialized experience in the development, | > list of specifications. A psychological test- 
: ing survey of engineering students (15) 

design, manufacture and application of Swivel 


has also concluded that they are “de 
Joints for all purposes. CHIKSAN’S resources, 


> cidedly not so interested in the welfare type 
of vocational activities as is the general 
population.” Engineering students scored 


facilities and personne! are concentrated | on the average lower than 61 per cent of 


‘ people in general in their interest in public 

exclusively on the production of Swivel service 
In general, although the scientific method 
Joints and their application to all kinds of he uses requires constant honesty of mind, 
there are no formal ethical standards to 
installations. This is your assurance of icles: which an engineer must subscribe before 
he can be considered a member of the 


““performance, long life and low-cost mainte: profession, though some codes 


have been suggested (5, 73, 32). In this re 
nance. There is no substitute for CHIKSAN! iF spect engineers are definitely unlike lawyers 
or doctors. One writer (1/8) describes an 
CHIKSAN . ; unwritten code to which he says engineers 
Engineers will gladly cooperate adhere to rationalize a lack of consideration 

of all the social implications of their work 


with you in selecting the correct Types and 7" As to measurements of achievement in 
. terms of public service, engineers are scl- 
Styles of Swivel Joints for your particular dom considered an underpaid group, except 
yo perhaps in early working years. The other 
requirements. ..and in specifying the proper | chief recognitions proffered by the profes- 
sion are the awarding of medals and so- 
Packing Unit for the fluid you handle. This val- ciety officerships. Although many recip 
. . ients have been of great public service, these 
uable, experienced counsel costs you nothing. in general are awarded on the basis of 
service to industry or the engineering pro- 
fession, independent of whether or not 
recipients have acted consistently as public 

servants. 


WRITE FOR CATALOG NO. 50 The Engineer as a Public Servant 
Representatives in Principal Cities Developments by technologists (chem- 


ists, engineers, and other scientists) (16) 
Sold by leading Supply Stores Everywhere have had a greater effect on the everyday 
life of a United States citizen than have 
the works of any other group. A recent 
history of science has been written with 


AND $UBSINTARY COMPANIES this as ‘its major thesis (27) The relaxa- 


b : tions of a movie, the routine of an clevator 

po BUEA, ride, the safe efficiency of an airplane ride, 
; and the fear of an atom bomb—all day. 

every day we live with and by scientific 

developments. There is no question that in 

bringing about such tremendous changes m 


BALL-BEARING SWIVEL JOINTS FOR ALL PURPOSES (Continued on page 24) 
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...@ sign you can believe in 


You are apt to see this sign anywhere. It might be on 
a ‘dozer “hogging out”’ a raw site for a refinery in 
Europe or the Near East; or on a 100-ton vessel in 
transit to South America, Canada, or the Orient; or on 
the control board of a petroleum chemical plant on the 
Gulf Coast. It might even be as close as the cover of a 
proposal lying on your own desk. 


But wherever you see it, it symbolizes a project in 
capable hands—Lummus hands. It stands securely on 
its world-wide record—the designing and constructing 
of nearly 200 units of all types for the manufacture of 
motor gasoline, high octane aviation fuel, and fuel 
oils...more than 115 lube oil and wax processing 
plants ...over 300 units for making chemicals and 
petroleum chemicals . . . and a score of complete refin- 
eries and chemical plants. 


It’s a good sign to look for, believe in, and rely on 
when you buy complete, integrated engineering service 
for your next project. 


THE LUMMUS COMPANY 


385 MADISON AVENUE, NEW YORK 17, N.Y. 
CHICAGO * HOUSTON * LONDON + CARACAS * PARIS 


Desig mine ENGINEERS AND CONSTRUCTORS FOR THE PETROLEUM AND CHEMICAL INDUSTRIES 
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Lever Brothers Company, too, 
gets hydrogen at low cost 


LMOST every hydrogen plant built during the past five years in 
the United States for fats and oils processors has been a Girdler 
GIRTOL® plant. A recent installation, shown above, is the Hammond, 
iana plant of Lever Brothers Company. 
Why such widespread acceptance? . . . Because HYGIRTOL plants 
oduce hydrogen of purities up to 99.8% at the lowest cost of all 
commercial methods! The plants use natural gas, propane and butane as 
process material and fuel. Operation is continuous, automatic, instru- Works speak louder than words 
ment-controlled and output can be varied readily from 50% to 110% 
of rated capacity. Only one operator per shift is required. Operation GAS PROCESSES DIVISION 
is clean . . . no dust or smoke or noise. It produces as much as 35 lbs. 
of pure carbon dioxide by-product for each 1000 cu. ft. of hydrogen. 
Girdler designs and builds plants to produce, purify or use chemical THE CHACLER CORPORATION 
process gases, liquid and gaseous hydrocarbons, and organic compounds. 
Write for information on how Girdler can serve you! 


LOUISVILLE 1, KENTUCKY 


*HYGIRTOL Is & trade mark of The Girdier Corporation Designers, Engineers and Constructors 
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WHITE SULPHUR SPRINGS 


(Continued from page 18) 


authored by A. G. Blank and W. H. 
Zamzow of Proctor & Schwartz, Inc., 
Philadelphia, Pa. This paper reviews 
the principles of application of the selec- 
tive energy absorption heat source re- 
lated to freeze drying. 

Just prior to luncheon on Tuesday 
C. M. Ambler’s paper, “The Evaluation 
of Centrifuge Performance,” will be 
presented. The conclusion is drawn in 
this work that in the field of centrifugal 
filters, the complete evaluation of com- 
mercial centrifuge performance is sel- 
dom possible and laboratory scale tests 
are only useful for comparative pur- 


Mrs. I, L. Murray, chairman, Ladies Committee, and Roland Voorhees, Union 
Carbide 


& Carbon 


Left to right: R. J. Valleau, American Viscose Corp.—member, R&#istration Com- 


mittee; E. L. B 


olick, American Viscose Corp—member, Registration Committee; 


B. J. Haley, Union Carbide & Carbon Corp.—member, Hotel and Meeting Rooms 
Committee, and J. D. Lienhardt, W. Virginia Pulp and Paper—member, Trans- 


portation Committee. 


poses. Mr. Ambler is associated with 
the Sharples Corp., Philadelphia, Pa. In 
the afternoon the Jones-Pyle paper will 
be heard. It is titled, “Scale-Up of 
Semi-Works Distillation Equipment.” 
This paper suggests general methods for 
extrapolating semi-works data to plant- 


Left to right: M. M. Delancey, 


Finance Committee; S. D. Smith, DuPont—chairman, 
Woodruff, DuPont—chairman. 


Sports Committee; B. T. 


Finance Committee. 


scale design, and possible sources of 
error are discussed. Both authors are 
in the employ of the Du Pont Co. 

The technical sessions will conclude 
on Wednesday morning with two pape7s 
—"The Design of Commercial Contin- 
uous Reactor Systems from Pilot Plant 


DuPont—member, Left to right: 


Committee; M. 


Committee, and W. A. 
Printing Committee. 


bon Corp., secretary, Local Committee on Arrangements. 


Batch Data,” Arthur P. Weber of 
International Engineering, Inc., Dayton, 
Ohio, and “A Procedure for Scaling-Up 
a Catalytic Reactor,”"—John Beek, Jr., 
and Emanuel Singer, both affiliated with 
the Shell Development Co., Emeryville, 
Calif. 

Mr. Weber asserts that the solution 
to a typical design problem makes pos- 
sible a comparison of batch vs. continu- 
ous operation to evaluate the desirability 
of going to continuous operation. Messrs. 
Beek, Jr., and Singer present in their 
paper a procedure for scaling up fixed | 
bed catalytic reactors. The example use 
is the production of toluene by the de 
hydrogenation of methylcyclohexane. 

Not that White Sulphur Spring 
meeting will be all technical papers—a@ 
related in the January issue there willl 
be cocktail parties, golf tournaments 
plants trips and diversions for the ladies, 

Come come all. The dates 7 
March 11-14 at the Greenbrier, 


by 


one, 


(Turn to page 46 for a listing of tech4 
nical papers referred to here.) 


Crawley, DuPont—member, orts 
Butenhoff, DuPont—member. t- 
Payne, DuPont—chairman, 
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DIFFUSION 


METHOD 


CONTROLLED DIFFUSION 


A YOUNG ENGINEER 


(Continued from page 20) 


everyday life, the engineer has been a great 
influence on the public—and most of the 
developments have made life easier for 
that same public as consumers. However. 
the public exists in dual capacity; not only 
as consumers but also as workers, and 
the effects of the industrial revolution 
were not uniformly beneficial to workers. 
The major changes in the occupations and 
environment of workers brought hardships 
in many cases. Though scientific advance 
is commendable, interesting and necessary, 
the results may have bad as well as good 
effects on society. 

Personal hardship, then, often has re- 
sulted from technological developments 
along with public service. Did the engineer, 
close to these developments and trained 
to a professional level, seriously consider 
these problems and try to plan for their 
alleviation? The total record of such con- 
sideration and planning has been small un 
til recently (78), and the part undertaken 
by engineers has been even smaller. 

This is a major difference from the pro- 
fessional manner of approach characteristic 
of doctors in the field of medicine and law- 
yers in the field of law. Enough members 
of each of these groups have on their own 
initiative investigated the deeper aspects 
of the problems with which their profes- 
sions have been confronted to improve 
markedly the situation of the public in re- 
gard to those problems. Doctors have 
sought and found causes of diseases; law- 
yers have stepped into the field of iawmak- 
ing to improve the laws as they see public 
need. Engineers have seldom considered or 
sought a major role in solving the problems 
arising from their developments. As one 
nontechnical writer (37) puts it, “such nar- 
rowness impoverishes all of us.” If engi- 
neers had taken the professional approach 
they would have better foreseen some of 
the social trouble wrought by technological 
change, and could have, in large numbers. 
undertaken a program to plan for their 
alleviation or solution. As Mott Souders, 
Jr., points out (25), the method of attack 
of the engineer is like that which any 
statesman mu: use, so that engineers 
should have been eminently qualified to 
undertake solution of problems raised by 
their developments. 


ANSUL SO, is a volatile, easy to control, multi-purpose acid. It permits 
the user to .... 1) combine a number of individual process steps into one 
simple operation .. . . 2) easily remove many product impurities some- 
times difficult to eliminate . . . resulting in improved process efficiency 


Since engineering effort is chiefly along 
lines financially supported by industry, most 
projects are undertaken with a view toward 
making the highest possible profit for a 
company. While this does not by any means 
necessarily conflict with the public interest, 


(by weight) 


PURE 


# REG. U. S. PAT. OFF. 


ANSUL 


and better quality control of the finished product. 


Write for Bulletin No. 0-109 for more 
information and if pees, include a 
description of the application in your 
plant. Our Technical Staff will help you 
take full advantage of the benefits out- 
lined above. In addition to our 
describing the Ansul Constant SO, Con- 
centration System, we will send you an 
informative treatise describing the prop- 
erties, characteristics and industrial uses 
of Liquid Sulfur Dioxide ... An Ansul 
Technical Staff Publication. 


For your METHYL CHLORIDE applications 
Use ANSUL METHYL CHLORIDE 


ICAL 


42nd York Lincoln Liberty Bidg 
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EFRIGER ANTS REFRIGERATION PRODUCTS AND DRY CHEMICAL FIRE EXTINGUISHER 


such choice is not always along a line of 
maximum public need. That is, higher re- 
turn on investment can be made in many 
fields other than those of public serv- 
ice. Engineering developments the 
past decade have as often gone toward mak- 
ing life easier, more pleasant, more conven- 
ient—improvement in luxury items—as to- 
ward better public safety, housing, health. 
etc. Only recently have technologists in any 
great number turned the scientific method 
to solving problems of human relations. 


Conclusions 

To summarize, it is my belief that 
our contribution can be increased if indi 
vidual engineers will (a) use as a consider 
ation in choosing a job the public 
service which it provides, (b)  con- 
sider carefully the possible effects of their 
work on all peop’ with a view toward 
foreseeing and minimizing personal hard 
ships, and (c) keep sufficiently in touch 
with developments in all fields. 


(Continued on page 42) 
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Cleaver-Brooks Compression Distillation . . . 


The Most Economical Method 


of Evaporation 


L OPERATING DATA 


Here’s 
The table shows the ap- 
proximate costs of oper- 
ation per 1000 gals. of 
evaporated water with 
a Cleaver-Brooks Com- 
pression Evaporator as 
compared with standard 
multi-effect steam evap- 
erators. 


EVAPORATORS 


Triple Quadruple) Quintup! 
Effect Effect Effect 


Pounds water evaporated per pound steam 
input from boiler 


40 


Pounds steam required per 1000 golions 
water evaporated 


Gallons d water required per | 
gallons woter evaporated 


6,650 


Steam cost per 1000 gallons water evaporated, 
based on steom ot $.80 per 1000 pounds 


Condenser water cost per 1000 galions woter 
evaporated based on water at $.10 per 
1000 golions 


10 KWH 


Electric Power cost per 1000 gallo golions w water $.10 


evaporated bosed on power @ per KWH 


Total Water & Energy cost per 1000 gallons $10.83 


water evoporated 


The concentrating of chemical solutions for 
valuable recovery or for disposal can be done 
economically with compression distillation. 


The recovery of pickling liquors, the con- 
centration of waste proteins, the concentration 
of waste pulp liquors, are just a few of the 
process problems which can be solved through 
vapor compression distillation at less cost. 


Cleaver-Brooks is constantly called upon to 
evaluate chemical process problems in terms 
of the vapor compression cycle. 

After a complete analysis of your process 
problem, a Cleaver-Brooks compression still is 
constructed to meet your specific needs. Com- 


plete consideration is given to the type of raw 
liquid to be evaporated, the capacities of your 
allied equipment, the future growth of your 
plant operations, and the use or uses of the 
products to be distilled or concentrated. 


It will pay you to consider now the value of 
compression distillation in your plant for pur- 
ification or recovery or disposal. 


Write for bulletin: 
“Compression Distillation” 


Cleaver-Brooks Company 


393 East Keefe Avenue 
Milwaukee 12, Wisconsin 


Consider Compression 
Distillation for Purification... 


Recovery ...Disposal 


Cleaver-Brooks 


Builders of equipment for the generation 


and utilization of beat. 
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00 none 
| Electric Power Consumptién per 1000 gallons 
c | $5.52 $3.83 | $2.97 $2.38 $0.76 
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FOR ENGINEERS WHO 
PLAN REGISTRATION 


The Institute’s Committee on Profes- 
sional Legislation reports that at a re- 
cent meeting of the National Council 
of State Boards of Engineering Exam- 
iners, it was stated that as of June. 1950, 
there were 168.863 registered engineers 
in the United States. According to re- 
plies from 26 states, there were 18,647 
engineers in training. 

The Committee on Registration by 
Endorsement arrived at the following 
conclusions which should be interesting 
to engineers contemplating registration 
or already registered: 


Conclusion 1. Written examinations should 

be waived for applicants who have suc- 
cessfully passed reasonably equivalent 
written examinations for registration in 
another state. 
onclusion 2. Written examinations should 
be waived in the case of applicants of 
long-established and recognized profes- 
sional standing. 
‘onclusion 3. The requirement of oral ex- 
amination or personal interview should be 
waived wherever possible in the case of 
out-of-state applicants of established 
qualifications who are registered in other 
states 
onclusion 4. An engineer registered in 
other states should not be penalized for 
not securing registration in a given state 
before he actually needs such registration 
oneclusion 5. The registration and renewal 
fees for certification or registration by 
endorsement should be kept to a mini- 
mum. 

onclusion 6. The repeated checking of 

educational credentials, character refer- 

ences, and experience endorsements 
should be minimized. 

John M. Weiss, chairman of the In- 
stitute’s Committee, also reports that the 
Year Book of the National Council of 
State Boards of Engineering Examiners, 
obtainable from T. Keith Legare, execu- 
tive secretary, Palmetto State Life 
Building, P.O. Drawer 1404, Columbia, 
S. C., price $2.00, has in it a list of 
membership of the various state boards, 
with the names and addresses of secre- 
taries and members. 


ARMOUR REPORTS 
337 PROJECTS IN 1949-50 


Scientific progress on more than 150 
varied research projects is described in 
annual report issued by 
Armour Research Foundation of Illinois 
Institute of Technology. It covers the 
fiscal year 1949-50. 

Armour’s staff of almost 700 persons 
undertook a total of 337 projects, ac- 
the report. This 
represented an investment of $4,614,958, 
an increase of 12.1 per cent over the 
previous year. Of the 337 projects 
active during the year, 182 were spon- 
sored by industrial concerns, 94 by gov- 
ernment agencies, and 61 by the Founda- 
tion itself, 


an recently 


cording to 56-page 


Fage 26 


The International division of the 
Foundation surveyed technological con- 
ditions for the Republic of El Salvador 
and Cuba during the year. A new indus- 
trial research institute was established 
in Mexico City by the Bank of Mexico, 
and an Armour staff member acts as 
director of laboratories there. Among 
the professional meetings sponsored by 
Armour last year were the first National 
Noise Abatement Symposium, the Na- 
tional Conference on Industrial Hy- 
draulics, an international Symposium on 
Thin Films, and the Illinois Conference 
on Industrial Research. 


Molding fused stabilized zirconia 
plates. 


NEW REFRACTORY 
ANNOUNCED BY NORTON 


A new product “which 
promises to open a new era in chemical 
oxide processing at ultra-high temper- 
atures.” was announced recently by the 
Norton Co., of Worcester, Mass., man- 
ufacturer of grinding wheels, grinding 
machines, and refractory products. This 
product, known as Fused Stabilized Zir- 
conia will withstand in molded shapes 
temperatures up to 4600° F, 

The trend in both research and pro- 
duction processes for the past several 
years has been toward higher tempera- 
tures which has created a demand for 
special refractories. 

Fused zirconia was first made in 
Norton laboratories in 1946, which if 
now manufactured by the process then 
used, would sell for approximately $2.00 
Further 
brought down the cost to the consumer 


refractory 


a pound. experimentation 
to an average of 50 cents a pound in 
grain form. 

According to D. W. Marshall, Norton 


research engineer, it will be possible 
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soon to make zirconia at Norton Co. 
that is purer than what is now sold as 
chemically pure zirconia. The basic 
steps are purification and fusion, con- 
trolling stability, composition of bodies 
regarding grain sizing, etc. 

All these facts and more were brought 
out at a technical conference for edi- 
tors held by the company Jan. 11, 1951, 
at Worcester at which time the Norton 
research program and the development 
of high temperature refractories were 
described by M. F. Beecher, director of 
research and development. 

John Jeppson, works manager, abras- 
ive division, explained the processes to 
be seen on the refractories and tunnel 
kiln plant tours. Later in the day L. H. 
Milligan, assistant director of research, 
talked on “Stabilized Zirconia as a Pure 
Oxide Refractory,” S. S. Kistler, direc- 
tor of research, on the “Developrhent 
of Stabilized Zirconia,” and D. W. 
Marshall, research engineer, and O. J. 
Whittemore. engineer, talked 
on “Electric Furnace Fusion and Puri- 
fication of Zirconia” and “Properties 
and Uses of Stabilized Zirconia Prod- 
ucts” respectively. 


ceramic 


SAPIRIE, MANAGER, 
OAK RIDGE OPERATIONS 


S. R. Sapirie, deputy manager of the 
Atomic Energy Oak 
Ridge operations, Oak Ridge, Tenn., was 
named manager there by M. W. Boyer, 
A.E.C. general manager. The appoint- 
ment became effective February 1. Mr. 
Sapirie succeeds R. W. Cook who will 
succeed Walter J. Williams as director 
of production. Mr. Williams replaces 
deputy general manager Carleton Shugg, 
resigned. 


Commission's 


Mr. Sapirie, deputy manager of the 
Oak Ridge Operations since October, 
1949, has been associated with the 
atomic energy project for more than 
five years. He was assigned to the Man- 
hattan Engineer District at Oak Ridge 
in 1946 as assistant director of opera- 
tions, and later was chief of the opera- 
tions division. With transfer of the 
atomic energy effort from the Manhat- 
tan District to the A.E.C., Mr. Sapirie 
was placed in charge of production and 
engineering for the Oak Ridge opera- 
tions. 

As manager, Mr. Sapirie will admin- 
ister all programs for the A.E.C. at Oak 
Ridge. These include operation of the 
large uranium 235 production units and 
development work associated with 
them; the Oak Ridge National Labora- 
tory with its extensive facilities for re- 
search and radioisotepe production; the 
community of Oak Ridge and other re- 
lated activities within the area. 


(More News on page 28) 
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How dry 
do you want it? 


for extreme dryness 


you need Alcoa Activated* 
Alumina 


If your business calls for the dehydration of iquids, 
vapors or gases, you'll want to be familiar with ALcoa 
Activated Alumina. It is one of the most effective and 
efficient desiceants you can buy. Dew points as low as 
minus 100° F.-and even lower—-can be obtained, and 
under normal conditions, ALcoa Activated Alumina can 
be used for an almost indefinite number of drying cycles. 

Atcoa Activated Alumina is a commercially pure, 
highly inert adsorbent. It has high resistance to crush- 
ing, shock and abrasion . . . will not swell, soften or 
disintegrate even when immersed in water . . . is non- 
toxic . . . non-corrosive . . . practically iron-free. And 
its relatively low initial cost makes it extremely eco- 
nomical to use. 

It is properties such as these that give ALCOA Activated 
Alumina its wide acceptance as an outstanding drying 
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agent. Its desiccating properties are used in the chemical, 
food, pharmaceutical and petroleum industries, in air 
conditioning and for the maintenance of oils. 
Whatever your dehydration problem, you can obtain 
the desired dryness and maintain it continuously with 
Atcoa Activated Alumina. It will pay you to investigate. 
Write to: ALUMinum Company or America, CHEMICALS 
Division, 6058 Gulf Building, Pittsburgh 19, Pa. 


* Reg. 7. M., Aluminum Co. of America 


ALUMINAS and FLUORIDES 


ACTIVATED ALUMINAS - CALCINED ALUMINAS - HYDRATED 
ALUMINAS + TABULAR ALUMINAS + LOW SODA ALUMINAS 
ALUMINUM FLUORIDE SODIUM FLUORIDE 
ACID FLUORIDE + FLUOBORIC ACID + CRYOLITE GALLIVE 
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THIRD FURFURAL PLANT 
FOR QUAKER OATS 

A contract for the construction of 
the Quaker Oats Co.’s chemical plant in 
Omaha was awarded to the Parsons 
Construction Co., Charles M. Holmes, 
plant manager, announced recently. The 
new plant is expected to be completed 
and in production by the end of 1951. 

Major contracts for the chemical 
processing equipment to be used in mak- 
ing furfural have been let to the A. O. 
Smith Co., of Milwaukee, and the Vul- 
can Copper and Supply Co. of Cincin- 
nati. The Milwaukee firm will supply 
the digesters for the manufacturing 
process and the Cincinnati company will 
supply the distillation equipment. 

The Omaha plant will be the third 
chemical plant for the Quaker Oats Co. 
Other Quaker chemical plants are lo- 
cated in Memphis, Tenn., and Cedar 
Rapids, lowa. 


PLANT MAINTENANCE 
BY HELICOPTER 

Repainting a 150-ft. stack with a 
minimum interruption in plant opera- 
tion demonstrated recently with 
the aid of a helicopter at the Monsanto 
Chemical Co.'s plant in Everett, Mass. 

The idea of using a helicopter was 
that of Russell L. Miller, plant manager. 
By caliing on the aircraft, a day-and-a- 
half delay in painting operations was 
avoided—the time generally consumed 
in erecting scaffolding. 

It was done this way: Steeplejack 
George F. Burgess of the Thomas J. 
Hind Co., Boston contractors, took off 
in the helicopter to the top of the stack. 
He took with him his staging hook, 
block and falls, and other equipment. 

The pilot of the helicopter held it 
steady while the steeplejack leaned out 
the door and dropped his staging hook 
to the top of the stack. He then played 
out block and falls into the correct posi- 
tion. The helicopter descended and the 
steeplejack went to the base of the 
stack, slipped into the bes’n’s chair at- 
tached to the rigging and went to work. 

Total time, including take-off and 
landing : one-half hour. 


was 


FELLOWSHIPS BY 
DU PONT FOR RESEARCH 
The award of 78 postgraduate and 
postdoctoral fellowships to 47 universi- 
ties, and grants-in-aid to 10 universities 
to “stock-pile” knowledge through the 
advancement of fundamental research, 
was announced recently by the Du Pont 
Co. An authorizationn of $390,400 was 
provided by the company for these 
awards, They are for the 1951-52 aca- 
demic vear. 
It is expected that the program will 
help maintain the flow of technically 
trained men and women into teaching 
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A.LCh.E. RE-ESTABLISHES 
SUSPENSE LIST 


A member of the Institute who 
enters the service of his country 
in uniform may request that his 
mame be placed on the Suspense 
List. He will be relieved of any 
financial obligation to the Insti- 
tute during the period of his 
service. He will not receive the 
regular mailing from the Secre- 
tary’s Office because of the ob- 
vious difficulty of maintaining 
proper addresses, but further and 
most important, he will not loose 
his membership status. Any mem- 
ber meeting the above conditions 
may remain on the Suspense List 
until six months after his dis- 
charge from the service. 


and research work at universities and 
into technical positions in industry. 

The grants-in-aid to universities are 
for unrestricted use in the field of funda- 
mental chemical research. They provide 
$10,000 for each of 10 universities, all 
of which received similar awards for 
the present school year. 

Institutions which will receive $10,000 
grants each are: California Institute of 
Technology, Cornell University, Har- 
vard University, University of Illinois, 
Massachusetts Institute of Technology. 
University of Minnesota, The Ohio 
State University, Princeton University, 
University of Wisconsin, and Yale 
University. 

Of the 72 postgraduate fellowships 
to be awarded, all of which are pre- 
doctoral, 45 are in chemistry, 15 in 
chemical engineering, 5 in mechanical 
engineering. 3 in physics, 2 in metal- 
lurgy, 1 in biochemistry, and 1 in 
biology. The 6 postdoctoral fellowships 
are for work in chemistry. 

Postgraduate fellowships in chemical 
engineering were awarded to Carnegie 
Institute of Technology, Columbia Uni- 
versity, Cornell University, Massachu- 
setts Institute of Technology, The Ohio 
State University, Princeton University, 
Yale University, University of Dela- 
ware, University of Illinois, University 
of Michigan, University of Minnesota, 
University of Pennsylvania, University 
of Tennessee, University of Texas, and 
University of Wisconsin. 


ELECTRO-CHROMIUM 
PLANT FOR CARBIDE 
A new plant for the production of 
electrolytic chromium will be con- 
structed at Sault Ste. Marie, Mich., by 
the electro metallurgical division, Union 
Carbide and Carbon Corp. It is ex- 
pected to be in operation in the spring 
of 1951, and will adjoin Union Carbide’s 
facilities there for the production of 
calcium carbide. 
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The electrolytic chromium operation 
will be based on a new process, impor- 
tant steps of which were developed by 
the Bureau of Mines, U. S. Department 
of the Interior. Other steps developed 
by the corporation's laboratories have 
been integrated with these to make 
large-scale operation economical. The 
metal will be ot a higher degree of 
purity than commercially produced 
chromium metal now available. 


CHEMICAL PRODUCTS 
AT BRITISH FAIR 

A full range of chemical products 
representing nearly all the leading 
British chemical houses will be featured 
at the 1951 British Industries Fair. 
according to the American Committee 
for the B.L.F. 

To be staged in London and Birming- 
ham, England, from April 30 to May 11, 
this annual trade show will embrace 
more than 1,000,000 sq.it."of exhibits, 
with the chemicals section and allied 
products presented in London's Olympia 
Hall. 

Among the products to be shown will 
be new types of anticorrosion com- 
pounds, chemicals derived from gasoline 
ranging from solvents to synthetic deter- 
gents and insecticides, fumigants. 
acids for use in glues, resins and disin- 
fectants, chlorinated products suitable 
for use in antiseptic fluids, new fluor- 
escent compounds, special preparations 
for the paint industry and many others. 
New equipment for the chemical indus- 
try also will be featured in this section, 
including laboratory apparatus, mass 
production equipment, new types of 
containers, and newly developed tech- 
niques in packaging for pharmaceuticals. 
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NUCLEAR PHYSICS LAB. 
FOR YALE UNIVERSITY 
A new $5,000,000 plant for nuclear 
physics work was recently announced by 
Yale University, New Haven, Conn. 
The university needs new facilities to 
carry on research in nuclear physics 
vital to national defense. The present 
physics laboratory was built in 1912. The 
new building will provide 110,000 sq.ft. 
of floor space for training physicists and 
teaching an annual average of 600 un- 
dergraduates and 80 graduate science 
students. A. Whitney Griswold, presi- 
dent of the university, said an effort 
would be made to raise the money by 
June of this year. 


SPAGHT ON BOARD 
OF SHELL CHEM. 
M. E. Spaght was recently elected to 
the board of directors of the Shell Chem- 
ical Corp. Dr. Spaght is president of 
the Shell Development Co. He has been 
with Shell since 1933. 
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WHEN YOU CAN KNOW THE FACTS? 


1 Blender operation is controlled from a single 

drum switch on master panel with “test” posi- 
tion during which individual components are re- 
circulated within the machine and totalizers show 
whether component settings are correct. 


Production capacity is controlled from master 

l and can be altered within a | to 3 range 

without affecting the pre-set percentages of base 
stocks and additives. 


3} “Band Spread” feature permits addi- 

tive proportions to within .01% of batch: Vis- 
cosity of finished product will be within + 2SSU 
if incoming base stocks are uniform. Infinite flex- 
ibility in setting component percentages, with 
same degree of precision in setting percentage of 
a small component as of a large component. 


@ Electrical interlocks protect quality of finished 

product: Upon failure of any component to 
reach the machine, all els will automatically 
return to “recirculation”, cutting off blend mani- 
fold. Any shortage is automatically made up so 


stocks and any four out of nine addi- 
tives. Note lights indicating 
in operation. 


finished product will be on specification at end 


of run. 


5 Tally meter throws blender back on “recircu- 
lation” after adjustably pre-set batch of fin- 
ished product is completed. 


6 Waming lights show panel in use and 
nate which component has failed and why. 


7 Automatic blow-back feature to clear any line 
or lines is built into each panel. 


8 Mixers with or without dehydration feature 
are optional. 


G All wiring is in explosion-proof conduit for 
class 1, Group D hazardous locations. 


10 Construction is unitized: all base stock and 

additive panels are of uniform design and 
can be assembled in any grouping; extra panels 
can be provided at any time for additional com- 
ponents or increased plant capacity. 


Write for recommendations or Brochure SM 


Write to %Proportioneers, Inc.%, 419 Harris Ave., Providence 1, R. I. 
Technical service representatives in principal cities of the United States, Canada, Mexico and other foreign countries. 
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MARGINAL NOTES 


News of Books of Interest to Chemical Engineers 


Book on Basic 
Chemical Properties Revised 


The Chemistry of the Nonbenzenoid 
Hydrocarbons. Benjamin T. aos 
Reinhold Publishing Corp., w. 
42nd St., New York, N. Y. 1950) 615 
Pp. $12.00. 


Reviewed by C. L. Brown, Assistant 
Manager, Research and Development 
Department, Standard Oil Development 
Co., Esso Research Center, Linden, N. J. 


HIS book deals with the chemistry 

of the hydrocarbons of the paraffinic, 
naphthenic, olefinic, polyolefinic. ter- 
pene, and acetylenic series; that is, as 
indicated by title, with the chemistry of 
the hydrocarbons other than the aro- 
matics. This edition constitutes a thor- 
ough revision of the first edition which 
appeared in 1922 and was for years a 
standard reference book in petroleum 
laboratories. 

The present volume is a comprehen- 
sive reference book, with numerous 
references to the periodical literature. 
Complete coverage of all the patent lit- 
erature has not been attempted, as was 
the case in the volumes by Ellis entitled 
“The Chemistry of Petroleum Deriva- 
tives.” This omission of patent refer- 
ences has allowed, however, more dis- 
cussion of the basic chemistry involved 
in hydrocarbon reactions. In a number 
of instances hydrocarbon reactions are 
discussed with clarity from the view- 
point of current reaction mechanism 
theories. Electronic interpretations of 
the more common reactions, including 
the carbonium ion approach, are given 
where applicable. The sections on oxi- 
dation are good from an organic chem- 
ical viewpoint but no attempt has been 
made to go deeply into combustion 
phenomena. The first chapter dealing 
largely with the nature and properties 
of crude petroleum is an interesting in- 
troduction to this subject. Part of this 
chapter deals with theories relating to 
petroleum formation. 

The text is up to date from the view- 
point that practically all known reac- 
tions of the nonbenzenoid hydrocarbons 
are given at least mention. The 
value of the book as a reference would 
have been enhanced had more references 
to reviews covering captured German 
literature been included. 

Commercial developments such as 
catalytic cracking, alkylation with sul- 


some 
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furic and hydrofluoric acids, hydro- 
forming, GR-S and butyl rubber manu- 
facture, and ethyl and isopropyl alcohol 
preparation, are described and are dis- 
cussed from the chemical viewpoint. 
Almost no information on these proc- 
esses is presented from the chemical 
engineering standpoint. This was not 
to be expected, judging from the title 
and the preface to the book. However, 
reference lists afford ready opportunity 
to obtain sources of process data on the 
commercial developments mentioned «if 
the book. 

The subject matter is presented for 
the most part in a form which should 
allow easy reading by most chemical 
engineers and chemists. Chemical for- 
mulas and equations are given in suffi- 
cient number to provide a working 
knowledge to readers possessing a lim- 
ited acquaintance with organic chem- 
istry. The printing is legible and the 
binding and other mechanical construc- 
tion features are probably adequate for 
most uses. 

Among chemical engineers, this book 
would appear to be of most interest to 
those who are strongly interested in the 
chemical reactions of the nonbenzenoids 
and who wish to have a reference book 
supplying the basic chemical properties 
and the current theoretical explanations 
associated with the chemical reactions. 


“Oil, The Great Mover” 


Oil for the World. Stewart Schackne 
and N. D’Arcy Drake. Harper & 
— New York (1950) 128 pp. 


Reviewed by H. R. Glennon, Manu- 
script Editor, Chemical Engineering 
Progress. 


AS with still water so with unseen oil 
—it runs deep. This fact and many 
others are brought to light in this story 
of crude oil by two able storytellers— 
one a petroleum engineer and the other 
experienced in public relations. What 
could make a happier combination for 
bringing home to the layman and the 
technical man, too, the performance ac- 
count of this natural resource and its 
many derivatives, and the research 
which is continuously going into the 
improvement of gasoline, fuel oil, and 
lubricants. 

A feature of the book which aids easy 
reading is its make-up—fine letterpress, 
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action and candid photographs, maps 
and charts. Then, too, the easy and 
informal manner of Messrs. Schackne 
and Drake permit the readers’ retrospect 
to some ten million years ago when 
crude oil was formed up to the present 
time when many thousands of people 
invest their money in oil and depend on 
it for their income. It is the authors’ 
belief that for hundreds of years to 
come there will be enough oil in the 
world, a conviction held by those (in- 
cluding this reviewer) who at one time 
or another. prepared statistics on crude 
production in the United States, Soviet 
Union, Venezuela, Sumatra, Bahrein, 
ete. 

Nor have the authors overlooked the 
needs of the technical reader in prepar- 
ing this work. Here are assembled data 
on drilling, refining, transportation, etc. 
The oil business is less than a century 
old—a short period indeed when viewed 
in the light of its accomplishments and 
benefits for mankind. Here in an ab- 
breviated version the reader is reminded 
of the benefits of “Oil, the great mover,” 
as these authors call it, and especially 
of American contribution in skill and 
enterprise in promoting the petroleum 
industry. 


Books Received 


A Glossary of Terms in Nuclear Science 
and Technology. Section V—chemi- 
cal engineering. Section VI—bio- 
physics and radiobiology. National Re- 
search Council Conference on Nu- 
clear Glossary. American Society of 
Mechanical Engineers, New ork. 
(1950) 60 cents each. 


Advanced Organic 
C. Fuson. a Wiley & Sons, I 
New York, Y. (1950) 670 pp. $8.00. 


Analytical Absorption Spectroscopy — 
Absorptimetry and Colorimetry. M. G. 
Mellon, editor. John Wiley & Sons, 
Inc., New York. (1950) 618 pp. $9.00. 


Technical Publications 1948. Arman E. 
Becker, editor. Standard Oil Co. 
(New Jersey) and affiliated companies. 
(1950) 512 pp. 


The Biochemistry of the Nucleic Acids. 
. N. Davidson. John Wiley & Sons, 
ae New York, N. Y. (1950) 164 pp. 
1.75. 


The Identification of Spectra. 
Second edition revised. Ww. B. 
Pearse and A. G. Gaydon. Joan Wiley 
& Sons, New York. (1950) 276 pp. 
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IMPERVIOUS GRAPHITE 


HEAT EXCHANGERS 


The new No. 240A is a shell-and-tube heat-exchanger made of “Karbate” 
brand impervious graphite ... similar in construction to the familiar No. 
70A ...but with almost three times as much total effective external heat 
transfer surface. Advantages are: 


1. 70.6 sq. ft. of external heat transfer surface. 


2. Single, double or four-pass routing of tube-side fluid is effected by 
a simple change of fixed and floating end-cover assemblies. 


. Wide variety of corrosive fluids handled with negligible maintenance. 
. Thermal shock resistance. 

. Very high heat transfer rates. 

. Stainless steel baffles. 

. Easy tube replacement in the field. 

_ Removable “Karbate” tube bundle. 


_ Steel shell — oversize shell connections, impingement plates and 
drain and vent plugs integral with shell end casting. 


This exchanger is smaller in capacity than the 240A. Possesses all of the advantages listed 
above for the 240A. For complete information on these two heat exchangers, write for 
catalog sections $-6715 and S-6690. Address National Carbon Division, Dept. CP. 


A LITTLE PICK-ME-UP OF 
SLASH BATTERY COSTS IN HALF 
H2S04 MAY HELP THAT 
INDIGESTION I'VE BEEN you deuce big 
GETTING FROM ‘KARBATE’ © Mere then twice much light. 
IMPERVIOUS GRAPHITE ad ~ 


@ the cow fer light 
Leokpr: of —ne meta! con te leek or corrode. 
The terms “Karbate” and “Eveready” © Will not swell, stick or jem in fleshlight. 
are registered trade-marks of 
No. 1050 battery. Instead of being 
UNION CARBIDE AND CARBON CORPORATION the —— 2 for the cell, the zinc 
electrode is on the inside to make =e battery last longer, 
30 East 42nd Street, New York 17, N.Y. while the new outside carbon jacket makes the battery 


District Sales Offices: Atlanta, Chicago, Dallas, leakproof. Order a supply of No. 10350 8 today. 
Kansas City, New York, Pittsburgh, San Francisco 


in Canada: National Carbon, Ltd., Toronto 4 


HEAT EXCHANGERS + PUMPS «+ VALVES + PIPING + TOWERS + TOWER PACKING + BUBBLE CAPS - 
BRICK + STRUCTURAL CARBON + SULPHURIC ACID CUTTERS + HYDROCHLORIC ACID ABSORBERS 
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SECRETARY’S PAGE 


The report of Council and Executive 
Committee meeti held in December, 
1950, and January, 1951, appear on 
page 41. 


ANNUAL REPORT OF 
COUNCIL 


HIS is a report of the activities and 

actions of the Council of the Institute 
for the period Nov. 1, 1949 to Nov. 1, 
1950. There were nine (9) meetings of 
Council held during this period and the 
Executive Committee held twelve (12) 
meetings. The Council meetings were held 
on the following dates: Nov. 11, 1949, Dec 
4, 1949, and in 1950—Jan. 6, Feb. 10, April 
7, May 28, July 7, Aug. 11, and Oct. 6. 
The Executive Committee meetings were 
held on the following dates: Nov. 10, 1949, 
Dec. 13, 1949, and in 1950—Jan. 6, Feb. 10, 
March 9, April 6, May 12, June, July 7, 
Ang. 11, Sept. 21 and Oct. 6. All these 
mneetings were reported on the Secretary's 
Page in Chemical Engineering Progress. 
Therefore, this report is a summation of 
the actions taken during the entire year. 


Membership 


The membership of the Institute has 
continued to grow although with not quite 
the same net increase as previous years. 
The number of new members elected was 
1,043 compared with 1,154 for a similar 
period a year ago. Because of an increase 
m resignations, 138 this year, 87 last year, 
and approximately the same number 
dropped for nonpayment of dues, 217 
against 205, the net increase is lower by 
164, making the net figure 657 for this 
year compared with 821 a year ago. The 
oa tables give the membership as 

1, 1949 compared with Nov. 1, 


Membership 
Nov. 1, 1949 
Elections 
Deceased 
Resigned 
Dropped 
Elections rescinded 


Nev. 1, 1950 


Membership 
Active 
Associate 
Junior 


Total 


Publications 

Chemical Engineering Progress has con- 
tinued to be the one official publication of 
the Institute. The circulation has increased 
both to Institute members and through 
subscriptions. 

During the year 425 copies of Vol. 25 
of the Transactions of The Institution of 
Chemical Engineers (London) for the 
year 1947 were distributed, all on order 
basis. A second publication of The In- 
stitution of Chemical Engineers, “Par- 
ticle Size Analysis,” 
to members of the Institute on the same 
basis—190 copies were ordered. 


was also distributed . 


S. L. TYLER 


There has been considerable discussion 
in Council on methods of making further 
publications available to the membership. 
No definite decisions have been made on 
this except that Council has authorized 
the publication of certain symposia as sepa- 
rate volumes apart from Chemical Engi- 
neering Progress to be made available at 
cost to those members who are specifically 
interested. This would be a far more eco- 
nomical method of publication than to pub- 
lish material of somewhat limited interest in 
Chemical Engineering Progress and dis- 
tribute it to members. 


Meetings. 


During the year the Institute has con- 
tinued to follow the four-meeting pattern, 
that is, three regional and one annual. The 
annual meeting in 1949 was held at Pitts- 
burgh, Dec. 4-6 and the attendance there 
1.803. A regional meeting was held in 
Houston, Tex., Feb. 26-March 1, with an 
attendance of 813. Regional meetings were 
also held at Swampscott, Mass., May 28-31, 
with an attendance of 616, and at Min- 
neapolis, Minn., Sept. 10-13 and the attend- 
ance there was 520. 


Amendments to the Constitution 


At the annual meeting in Pittsburgh 
amendments to the Constitution were pro- 
posed by the Council and discussed at 
length. These amendments dealt mainly 
with the requirements for membership and 
the establishment of a Student grade of 
member. The final action at Pittsburgh 
was approval of the amendments with some 
slight modifications from their original 
form and as a result of vote by the Active 
members, these became a part of the Con- 
stitution 


Associate Junior 
447 5,594 
644 
106 
192 
10,368 
1950-49 


% of 


Increase 


lccrediting 


The Institute has continued to be ex- 
tremely active in the accrediting of chemi- 
cal engineering curricula. The Chemical 
Engineering Education and Accrediting 
Committee has been working closely with 
the Committee on Engineering Schools of 
the Engineers’ Council for Professional 
Development and as a result of their joint 
efforts Council has approved their rec- 
ommendations in newly accrediting or re- 
accrediting undergraduate chemical engi- 
neering curricula at 29 schools. 
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Awards 

At the Awards Dinner held during the 
annual meeting in Pittsburgh the Pro- 
fessional Progress Award in Chemical En- 
gineering was presented to Mott Souders 
and as is the practice he acted as the 
speaker at this dinner. The William H. 
Walker Award was presented to Dr. W. 
H. McAdams in recognition of his out 
standing contributions to chemical engi 
neering literature mainly in the field of 
Heat Transfer. The Junior Award was 
presented to E. G. Scheibel in recognition 
of publications in the field of Extraction 
and Extractive Distillation. The Student 
Contest Problem Awards were also pre- 
sented during this dinner and the recip 
ients were: The McLaren White Award 
or first prize, W. E. Henderson of the 
University of Illinois. This prize carried 
with it a check for $100. The winner of 
the second prize was Irving Begelman ot 
Cooper Union who received a check in 
the amount of $50. The third prize went 
to J. Wallace Crawford of the University 
of Illinois and with this was a check for 
$25. Honorable mention and a check for 
$10. were presented to F. A. Frick and 
Cc. E, Eberle of Washington University 
and R. P. Stein of Pratt Institute. 

During the year Council has approved 
further recognition by awards and prizes 
of activities within student chapters and 
among studerts. The Student Scholarship 
Award which up to this year consisted only 
ot the awarding of a certificate of recog- 
nition for high standing in the freshman 
and sophomore years of the chemical engi- 
neering curriculum was increased to in- 
clude Student membership and a Student 
Member Pin as well as a two-year sub- 
scription to Chemical Engineering Proaress 

In order to encourage the holding of 
student chapter conferences the Council 
has approved a small sum of money to be 
made available as first and second prizes 
in recognition of excellence of presentation 
of papers at these mectings. 


Local Sections 

There have been seven (7) new local 
sections authorized during the year. Th« 
officers of the Institute in as far as it has 
been possible have appeared as speakers 
at local section meetings and it is hoped 
that this activity may be expanded consid- 
erably, but it should be noted here that the 
officers have been able to make many more 
such contacts during this vear than im pre- 
vious years. The new sections which were 
formed were: Twin City (Minneapolis-St 
Paul), New Jersey, Texas Panhandle 
(Borger), Columbia Valley (Richland, 
Wash.), Washington, D. C., Central Vir- 
ginia, Sabine Area (Tex.). 


Student Chapters 

The Council has spent a considerable 
amount of time discussing the general ques- 
tion of student chapters and this is evi 
denced by the increased recognition « 
student scholarship as reported here. Fiv« 
new student chapters have been authorized 
during the year at: Lehigh University. 
University of Maine, Newark College of 


(Continued on page 37) 
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Tyetent of the growing trend toward continuous 
processing is the modern Rohm & Haas plant for | 
organic syntheses, constructed by Foster-Wheeler, 
at Deer Park, Texas. 


This modern plant is not only typical of a trend, 
but also of the important contributions Brown 
instrumentation has made in the development of 
continuous processing. In this installation, Brown | 
instruments synchronize all operations from cen- 
trally located panelboards. Flows, temperatures, 
pressures and levels are automatically controlled 
... and permanent records of the critical phases of 
the process are provided. 

When looking for recording and controlling instru- 


ments for your organic syntheses process, or any 
chemical process —consider first: 


%* The Brown know-how developed through many 
years of application experience in the industry. 


% The completeness of the Brown modern ap- 
proach—recorders, controllers, panelboards, 
valves and accessories. 


Call in our local engineering representative for a 
detailed discussion of your process requirements 
A - : ... he is as near as your phone. Offices in more than 
ot ark pl 80 principal cities of the United States, Canada 
job in The contre! room and throughout the world. 
steiithes ond many othe: :ostrunwate— ate inter - dustrial Division, 4427 Wayne Ave., Phila. 44, Pa. 
lacking system thet cynckronins oll phase 


Honeywell 


| 
— 


designed for use with air 
iné@ruments for control of pressure, 
temperatiore, Hquid level, rare offiow, 
humidity They can be applied 
equal efficiency on cir, water, 
steam, gas or cdemico! service 
ond 


3, 14" steel stamps igs. Oilite Seurings 
shstinate spring stem fri:tion. Stainless steel 

sprig staat tonderd. ‘ocking box bolted 
on off size valves, Bone sand blind heads 
ore forged fabricoted. Bonnet will support 
_nontally, They ore iteough-bolted for 
greeter strangth ond «bso to pravide sim- 
clicity of field reversal. All valve plugs are 
top and bettom guides in hardened stuin-. 
bashings. Ya action reversible 


j -HAMMEL-DAHL ‘COMPANY | 

243 RICHMOND STREET, PROVIDENCE 3, R. I., U.S.A. 
BOSTON BUFFALO CHICAGO CINCINNATI CLEVELAND DETROIT 
AMAZOO KANSAS CITY KINGSPORT, TENN. LOS ANGELES NEW ‘ORLEANS NEW YORK 
SAN FRANCISCO SEATTLE ST. LOUIS SYRACUSE TOLEDO TULSA WILMINGTON, DEL. © 


In pene: Railway & Power Engineering Corporation, Ltd 
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2 © SPECTROMETER. Tix ‘crkin- 
Elmer — offers a new mobile 
Model 12-C infrared spectro eter. 
Designed for mobility, and faster 
recording, for on-the-spot analyses. 
The ility is afforded by caster- 
mounting the cabinet and the whole 
unit will easily pass through ordi- 
nary doors and can be taken into 
the pilot plant for evaluation. Stor- 
age space provided for necessary ac- 
cessories. 


5 @ CORROSION-RESISTANT TUBING. 
The Carpenter Steel Co. has a new 
line of tubular products in Carpen- 
ter Alloys B and C. Alloy B is effec- 
tive in resisting hydrochloric acid in 
all concentrations and temperatures. 
It is also recommended for sulfuric 
acid at temperatures above 80° C. 
However, it is not suitable for oxidiz- 
ing atmospheres. Alloy C will with- 
stand strong oxidizing conditions, 
since it is chromium and can 
be used with nitric, free chlorine, 
acid solutions of ferric and cupric 
salts. Also used for phosphoric, 
acetic, formic, and sulfuric acids. 
Tubing available, annealed and 
pickled, from 5%-in. through 414-in. 
diameter. 


7 @ TURBO DRYER. For handling 
heat-sensitive materials which have 
a tendency to foul, the Wyssmont 
Co. has designed and built several 
new Turbo dryers with external 
heating unit. Primarily for use on 
plastics, waxes, etc. Path of ma- 
terial to be dried follows the usual 
Turbo design, being fed through an 
opening in the roof and spread on 
the top revolving shelf. Before the 
material revolves back to the point 
of the feed opening, it is wiped or 
lowed off the tray, to the one b-low. 
he new dryer does not the 
air but uses it only once in going 
through the dryer. Internal fans cir- 
culate the air within the unit. 


10 @ SERRATING TOOL FOR KARB/ 
For serrating Karbate graphite pipe, 
National Carbon division offers a 
new hand serrating tool. Since flex- 


Mail card for more datap 


ible couplings are used in fitting 
impervious graphite pi where 
flexible joints are required, the effec- 
tiveness of the joint depends to a 
considerable extent upon the quality 
of the serrations on the pipe. The 
new tool is simple, and easy 
to use on the job. Pipe sizes from 
1 in. to 6 in. may be serrated. 


12 @ REMOTE SPEED CONTROL. A 
meghanical remote control for vari- 
able-speed-electric power drives, de- 
veloped by Sterling Electric Motors, 
Inc. The control is available in a 
variety of types such as the extended 
flexible cable or an extended rod 
with universal joint, etc. This new 
type of control permits variable- 
speed drives to be controlled from 
a distance where such a distance 
would be beneficial or necessary. 


14 @ SOAP CRUTCHER. Patterson 
Foundry & Machine Co. has a new 
heavy duty soap crutcher for the 
rocessing of soaps of all varieties, 
rom toilet to hand soaps. It is also 
designed for use in the manufacture 
of metallic soaps, rust-prevention 
compounds, and many other special- 
ties. Jacketed, it will withstand 125 
Ib./sq. in. pressure. Any desired ca- 
pacity may be fabricated. 


15 @ HIGH-PRESSURE DISPLACEMENT 
METER. The Rockwell Manufactur- 
ing Co. for metering wide ranges of 
gas at a take-off point up to 1000 
Ib./sq. in., has a new high capacity 


positive displacement meter, Dia- 
phragm-type meters according to the 
manufacturer have heretofore been 
limited to 500 Ib./sq. in. The new 
meter is made of high tensile alloy 
steel and has a capacity of 31,000 to 
46,000 cu.ft./hr. of gas. Many new 
design features are incorporated: 
relief valve system to protect dia- 
phragm and mechanisms, gear-type 
valve movement, Teflon 
boxes, etc. 


18 @ KELLY PRESSURE FILTERS. Oliver 
United Filters, Inc., has a new line 
of Kelly pressure filters designed for 
clarifying molten sulfur. Five dif- 
ferent sizes are available in pack- 
aged units with all auxiliaries and 
accessories ready-to-operate. A new 
improvement is a simplified internal 
manifold-type leaf outlet with single 
external connection. Units are jack- 
eted to maintain proper temperature 
and while designed primarily for 
handling molten sulfur, other uses 
in the process industries are con- 
templated. 


19 MINIPUMP. For metering 
liquids in quantities as small as a 
few cu.cm./hr. the Milton Roy Co. 
has developed a new miniPump. 
Applications include laboratory and 
research work, pilot plant and semi- 
plant scale operations. Essentially 
its use is for metering small volumes 
of pee into larger volumes of ma- 
terial such as injecting odorants into 
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natural or bottled gas, antifreeze removes all entrained oil va) as 33 ¢ FORMCEL. Soluuons of form- 
into air or gas lines, adding vitamins well as cooling and cuntenlan | the aldehyde in various alcohols are 
to products, dyes to paper stock, etc, refrigeration gas. By evaporation available from the Celanese Corpor- 
for formulatin blending work, approximately 1000 B.t.u. are re- ation of America. Material is made 
Liquid end i. Campeneer 20 stainless moved from each pound of water at the Bishop (Tex.) plant of the 
steel. Valve caps and clean-out plugs ¢vaporated, and by removing super- company and is currently being sold 
are sealed against pressure by O heat previously there is no tendency in 55% solutions of formaldehyde in 
rings. Packing normally is Teflon. for salt to precipitate and clog the methanol and 40% solutions in 
Plunger stroke is readily adjusted condenser coil banks. Full informa- butanol, propanol and methanol. 
while operating to vary delivered tion, as well as flow diagrams are The water-free solution of formalde- 


volume from zero to full rated vailable. hyde can be handled at regular tem- 
capacity. in standard 

For use by companies whose proc- 
21 © FILTERING MEMBRANE. For its Cc H E M I CA L S esses are based on a formaldehyde- 


line of industrial filters Titeflex, alcohol end product. 


Inc., designed a new type of filter. 30 @ BETA GLUCURONIDASE. Sigma 


7 Chemical Co. is producing in com- 34 # ADSORPTIVE POWDER. Atta- 
pr per mercial quanticios, bacterial beta- pulgus Clay Co. has a new product, 
an enzyme for use in Attaclay SF an ultrafine, dry, light- 
en iochemical research programs. The weight, free-flowing powder for use 

th material is available as a prepared as a filler, flattener, conditioner, 
of Bie sape, Clos: solution or as a dry powder. coater, polisher, etc., for the chem- 


ging is eliminated and cleaning ef- tonal, 
fected without manual labor. The 31 4-VINYLPYRIDINE. For the ‘ote 


new screen membranes have a high chemical industry, 4-vinylpyridine is : : 1: 
efficiency because the back-wash Sow available from the Reilly Tar & 
reaches its highest velocity at the Chemical Corp. This material is = 9507 
exact point of support of the filter slated for use in the manufacture of ne > th 
cake. May be utilized with various synthetic elastomers, plastics, textile Bulk do it is 18-15 Ib — a 
types of filtration equipment. Avail- chemicals, photographic chemicals, 

able in any alloy that can be drawn ete. 35 @ GLACIAL ACETIC ACID. Niacet 


into wire. 32 e HEXACHLOROCYCLOHEXANE chemicals division of Union Carbide 


22 © AEROPASS CONDENSER. For Pennsylvania Salt Mig. Co. has avail- * Carbon Corp. has a bulletin on 
plants that use 400 tons of refriger- able large commercial quantities of glacial acetic acid giving the physical 
ation or over the Niagara Blower hexachlorocyclohexane. Essentially 24 chemical properties, latest speci- 
Co, developed a new aeropass con- a free-flowing white material, it is fications on the standard CP and 
denser which makes use of a Duo- composed of the insecticidally inac- USP grades as well as the shipping 
Pass precooling coil and an Oilout tive alpha and beta isomers of ben- and handling information. Bulletin 


il ’ ; : gives the applications of acetic acid 
oil separator. The new condenser zene hexachloride. on ting p 


for diluting, testing for purity, meth- 
ods of unloading tank cars and 
drums. Tables give freezing points 
of acetic acid solutions, specific grav- 
ity, dilutions, etc. 


: 36 © SCINTILLATION PHOSPHORS. 
: For use in scintillation detector 
* units, Tracerlab, Inc., has now avail- 
; able two phosphorous materials. 
+ One is a synthetically grown hydro- 
; carbon tal known as Stilbene 
: and the o' is a solid plastic phos- 
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phor. The plastic phosphor is essen- 
tially a solution of terphenyl in a 
ne monomer, the whole mass 


styre 
being polymerized into a solid. The 
hospho 
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ing, cosmic ray research, and fast 
neutron counting. 


40 @ OXYGEN ANALYZER AND RE- 
CORDER. Arnold O. Beckman, Inc., 
has a six-page bulletin explaining a 
new oxygene analyzer and recorder. 
The principle of operation of the 
instrument is explained, method of 
measurements and various types of 
analyzers are shown. Complete de- 
tails are given as to the construction 
of the machines, uses, physical di- 
mensions, responses, etc. For use in 
the chemical, petroleum, agricul- 
tural, metallurgical, etc., industries 
for oxygen control and manufacture, 
processing gases, chemicals, etc. 


41 @ ION-EXCHANGE SYSTEMS. Pen- 
field Manufacturing Co., Inc., is 
offering a — of information on 
its ion-exchange systems. Contains 
double sheet descriptions of seven 
different models of ion-exchange 
units of various capacities. The 
sheets show the ion-exchange unit, 
schematic diagram, and description 
of the parts, specifications, an ane 
ance of each system which ranks in 
capacity from 5 gal./hr. to 1000 
gal./hr. Performance chart also gives 
a table showing the chemical cost 
per thousand gallons of processed 
water for any raw water condition. 


BULLETINS 


42 @ RECORDING AND CONTROL- 
LING GRAVITOMETER. For recording 
the specific gravity of a continuously 
flowing sample of liquid under ac- 
tual line conditions, the American 
Recording Chart Co. has issued a 
bulletin on its new recording liquid 
gravitometer. The recording gravi- 
tometer is used on pipe lines, re- 
fineries, gasoline and _ chemical 
plants, etc., the record being made 
on a chart, and all records are at 
60° F. owing to the fact that a special 
thermostatic coil is used to bring the 
liquids to the proper temperature. 
Can be used under high pressure. 
The _recording-controlling 

vitometer is used for controlling 
or blending of two or more liquid 
products. It determines specific 


FOR FREE DATA 


gravity in the same manner as the 
standard gravitometer, in addition 
a controlling mechanism is provided 
which can be preset to operate the 
pipeline, refinery still, etc., to any 
specific gravity. Bulletin shows typi- 
cal installations, line drawings, etc. 


43 @ LEFAX CATALOG. A new 1951 
technical data catalog of Lefax is 
off the press. It contains a com- 
plete index of all the Lefax pocket 
size technical books offered by the 
company. Includes data on engi- 
neering, business, chemistry, survey- 
ing, metallurgy, chemistry, etc. Con- 
tains more than 2000 listings. 


44 @ SWIVEL FITTINGS. A catalog 
of ball-bearing swivel fittings from 
the Rasmussen Manufacturing Co. 
Made in either high pressure or low 
pressure types. The high-pressure 
type can be designed to handle pres 
sures up to 15,000 Ib./sq. in. and 
tem tures of 225°F. Single, 
double or triple swings and a full 
360° rotation. Various packings can 
be used. The catalog gives all data 
on the different fittings made, giving 
the maximum pressures, corrosive 
substances, temperatures, operating 
data, sizes, dimensions and prices. 
Made in eight different styles of fit- 
tings, catalog gives complete data. 


45 WELDED FLOATS. Welded 
floats of stainless, Monel, steel, 
chrome, etc. Spherical, eliptical and 
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cylindrical shapes from 2 in. to 4 in. 
in diameter, are described in the 
catalog of W. H. Nicholson & Co. 
The floats can be used not only in 
traps but also in the chemical, dairy, 
food-process industries for buoyancy 
or weight mediums, for operating 
mechanism chambers or vessels for 
storing gases and fluids for instru- 
ments of different types, etc. The 
catalog gives the construction of the 
welded floats and gives the types of 
connections. Tables give list prices, 
buoyancies, collapsing pressures, di- 
mensions, etc. 


47 @ METHACRYLATE-PLATING EQUIP- 
MENT. For the electrochemical in- 
dustry, and for plating firms, the 
Singleton Co. has created pickling 7 
baskets of metal methacrylate resin 7 
which they claim last up to 100 times | 
longer. The company also makes a 
Lucite tank for electroplating and 
chemical processing. 
48 @ CAPACILOG. Wheelco Instru- 7 
ments Co. has a new bulletin de- 
scribing its capacilog line of elec- . 
tronically operated chart recorders. | 
Used in process industries for the | 
measurement, indication control, 7 
and permanent record of such vari- 
ables as temperature, speed, static) 
strain loads, a.c.-d.c. voltage and am-) 
perage. Bulletin — operation 
and construction of the capacilog, | 
gives specifications and explains how ; 
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direct deflection, Wheatstone bridge 
circuit, and pneumatic-control types 
of operating systems are applied to 
the capacilog. 


50 PROCESS EQUIPMENT. From 
the Sturtevant Mill Co., a catalog 
describing its line of crushers, mills, 
laboratory machines, dry batch mix- 
ers, batch blenders, air separators, 
and vibrating screens. Manufactur- 
ers of heavy equipment, the bulletin 
in each case describes the kind of 
equipment made and shows a pic- 
ture of it as well as the sizes. 


51 @ ACRYLIC MOLDING INFORMA- 
TION. Rohm & Haas Co. has issued 
a small booklet giving practical in- 
formation on molding techniques 
and molding troubles and methods 
of overcoming these troubles, for 
acrylic resins. Booklet gives typical 
molding formulations and condi- 
tions and describes the various de- 
fects that are to be encountered in 
molding, giving suggested remedies 
as to how to overcome them. 


52 e CHEMICAL FEED SYSTEMS. A 
reprint by %Proportioneers, Inc.% 
of a talk given by R. P. Lowe on 
“Chemical Feed Systems.” It is 12 
pages, covers various types of chem- 
ical feeding such as disc feeding, 
oscillating, gravimetric, rotary, fluid 
piston, pot, decanter solution feed- 
ing, etc. Exhaustive description of 
various methods of feeding chemi- 
cals to chemical systems. 


53 @ FLUID FLOW TESTING. Fischer 
& Porter Co. offers a technical re- 
port on fluid rate-testing. 

hough primarily designed for air- 
craft engines and accessories, it is 
a primer on flow characteristics 
through the rotameter, and should 
be of value to engineers in the petro- 
leum and fuel industries. Covers all 
the theories of measurement with 
such instruments and shows how the 


flowrator has been applied to the 
measurement of jet fuels, etc. De- 
scribes the newest calibration tech- 
niques and illustrates modern i- 
sion accuracy calibration panels. 


54 @ THERMOCOUPLE AND PYRO- 
METER CATALOG. The Bristol Co. 
has just published a new edition of 
its thermocouple and pyrometer ac- 
cessories bulletin. The catalog lists 
many new items and contains new 
data on the proper application and 
use of thermocouples. The 56-page 
catalog contains illustrations of the 
various kinds of thermocouples and 
accessories and replacements, de- 
scribes the various thermocouple 
types, the factors affecting thermo- 
couple life, etc. Charts show how 
to select the right thermocouple and 
protection tube, and a user’s manual 
gives the industry, temperature, ap- 
plication and the usuai recom- 
mended materials for thermo- 
couples. A large section of thermo- 
couple calibration data round out 
the catalog. 


56 @ CENTRIFUGAL OPERATING PRIN- 
CIPLES. Operating principles and 
applications for two types of high- 
speed horizontal centrifuges which 
continuously remove solids from 
slurries and suspensions, are ex- 
plained in a new bulletin by The 
Sharples Corp. Bulletin permits di- 
rect comparisons of design and func- 
tion of a centrifuge equipped with 
a conical rotating bowl for handling 
a firm body or crystalline-type solid 
and one with a cylindrical bowl for 
handling relatively soft or plastic 
solids. Completely iMustrated with 
data on operation, and specifications. 


57 @ LABORATORY SAFETY. The 
Fisher Scientific Co. has a newly re- 
vised edition of a 40-page Manual 
of Laboratory Safety. First section 
covers a method preventing acci- 
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dents in the laboratory; second sec- 
tion is on laboratory first aid and 
fire fighting; another on safety equip- 
ment available for use in labora- 
tories. 


58 @ DRYERS. A description of more 
than 30 types of Standard-Hersey 
dryers is given in 2 new company 
bulletin. Construction details of the 
dryers are shown, examples of where 
and how the various types of dryers 
are used, as well as illustrations of 
typical installations. Also describes 
a pilot plant dryer which can be 
adjusted to duplicate within reason- 
able exactness, the performance of 
any type rotary dryer on a labora- 
tory test basis. 


59 @ MICROFILMING. The Micro- 
Photo Service Bureau is offering a 
mi illustrated booklet on “Facts 
and Figures on Microfilming Engi- 
neering Drawings. It presents perti- 
nent information on _preservin 
important engineering drawings an 
records, and gives the complete story 
in question and answer form, of 
what microfilming can mean in sav- 
ing space and of records. Equip- 
ment is illustrated as well as the 
plan of the company. 


60 @ DETERMINING SOLIDS IN BOILER 
WATER. Hall. Laboratories, Inc., in 
a new bulletin describe a quick and 
simple method for determining the 
solid content of boiler water or con- 
densate. Almost instantaneous de- 
termination of solids is possible. 


61 @ FLY-ASH HANDLING SYSTEMS. 
A new booklet offered by Beaumont 
Birch Co. gives detailed information 
on their hydraulic and pneumatic 
ash and fly-ash handling systems. 
Uses a question-and-answer tech- 
nique. Complete drawings and il- 
lustrations round out the booklet so 
that any engineer with such a prob- 
lem would benefit from the informa- 
tion given. 


62 « AIR AND GAS COMPRESSORS. 
Pennsylvania Pump & Compressor 
Co. has a four-page bulletin describ- 
ing the various air and gas com- 
pressors made by the organization. 
Horizontal single-stage, doubling- 
acting straight-line type, driven by 
V-belts, flat belts, or directly con- 
nected to motor or steam. Table 
gives sizes and capacities of standard 
units. Units are pictured and one 
large center sectional view shows a 
cutaway of the single-stage com- 
pressor. 
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An Important Message 
For Everyone Who Has an 
Andustrial Waste Problem 


lf Your Liquid Wastes Can Be Treated 
INFILCO Equipment and Experience 
Can Solve Your Problem! 


DEMONSTRATED PERFORMANCE .. INFILCO equipped | PARTIAL LIST OF RECENT INFILCO 
plants in several process industries are working at peak ef- INDUSTRIAL WASTE TREATMENT PLANTS 
ficiency, treating a wide variety of industrial wastes. That's crc.ator* 

the proof that INFILCO equipment can handle your problem. 


General Electric Co Erie, Po 
DIVERSIFIED EQUIPMENT . . INFILCO manufactures the 
most complete line of equipment for chemical or biological New Deperture Division 
treatment—your assurance of unbiased recommendations Generel Meters Corp Sendushy, 


and unified responsibility for performance. 
Norristown Magnesio & Asbestos Co Norristown, Po 


Spring City Bleach & Dye Works Spring City, Po 


DEVELOPMENT LEADER. . INFILCO’S staff of engineers Teyter Fibre Co. Geroueed, Po 
and chemists have the experience from investigating and . 

solving scores of disposal problems to assist in finding the ACCHATOR 
solution for your liquid waste disposal. Co 
Magnolia Petroleum Co remont, Texas 
Call in the nearest INFILCO Field Engineer for a more Ge 

Rock Island Refining Co ind 

detailed picture of waste treatment equipment for your & Ce 
company. There is no obligation to buy—just an obligation Generel Sen 
to yourself to investigate the better products and services Ropid City Air Bose Weover, 5 0 
of the leader. Write our Tucson Executive Offices today .. Searle Food Corp Uleta, Floride 
ask for INFILCO Bulletin No. 70A. 


SERVING INDUSTRY WITH WASTE TREATMENT EQUIPMENT THAT'S 


© BETTER WATER CONDITIONING © 
INFILCO INC. 


NEW YORK 17* FYUECSEONMs CHICAGO 16 


SMLES OFFICES IN TWENTY SIX PRINCIPAL cir;ries 
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CANDIDATES FOR MEMBERSHIP 
| IN A.1. Ch. E. 


The following is a list of candidates for the designated 
grades of membership in A.I.Ch.E. recommended for elec- 
tion by the Committee on Admissions. 

These names are listed in accordance with Article III, 
Section 7, of the Constitution of A.I.Ch.E. which states: 


BATCH DRYING 
SYSTEMS 


Election to membership shall be by vote of the Council upon reeom- 
mendation of the Committee on Admissions. The names of all applicants 
who have been approved as candidates by the Committee on Admissions, 
other than those of applicants for Student membership, shall be listed 
in an official publication of the Institute. If no objection is received 
in writing by the Secretary within thirty days after the mailing date of 
the publication, they may be declared elected by vote of Council. If an 
objection to the election of any candidate is received by the Secretary 
within the period specified, said objection shall be referred to the 
Committee on Admissions, which shall investigate the cause for such 
objection, holding all communications in confidence, and make recom 
mendations to the Council regarding the candidate. 


Objections to the election of any of these candidates 
Active Members will receive careful consideration 
if received before March 15, 1951, at the Office of the 
Secretary, American Institute of Chemical Engineers, 120 


from 


STARCH DRYER 


EXAMPLE OF STANDARD- 
HERSEY DRYER ECONOMY... 


Here is still another proof of how Standard’s search for 
better ways to dry more products yields dividends in 
industry and agriculture. This Standard-Hersey starch 
dryer cuts fuel and labor costs 50% to 75% as compared 
with former batch drying methods. It provides substan- 
tially greater dust recovery than other rotary, continu- 
ous systems because of the unique intermediate feed 
feature which introduces the material into the exhaust 
air before the cycle has been completed. Quality is 
improved; explosion hazards are 

eliminated. Again Standard’s 

advanced engineering pays! 

Consult us regarding your dry- 

ing problem. There are more 

than 30 different types of 

Standard-Hersey dryers for 

every process industry need. 


STANDARD-HERSEY TEST DRYER 
let our pilot test dryer determine 
how your product con best be dried 
Duplicotes performance under factory 
conditions of ony type rotory dryer 
with ony moterial 


Write today for new Standard-Hersey Dryer Bulletin. 


5055 Boyle Avenue, Los Angeles 58, California 
Eastern Address: 123—55 Newbury Street, Boston 16 


STANDARD STEEL CORPORATION 


East 41st St.. New York 17, 


APPLICANTS FOR 
ACTIVE MEMBERSHIP 


Roger J. Altpeter, Madison, 


Wis. 

Proctor H. Avon, Wellesley 
Hills, Mass. 

Philip H. Bailey, Glen 
Burnie, Md. 

William L. Bolles, 
City, Tex. 

Robert A. Clarke, Chicago 
Heights, ill. 

E. T. Darden, New Castle, 
Del 


Texas 


Corwine S. Davis, Succa- 
sunna, N. J. 
L. S. DeAtley, Kansas City, 


Mo. 
Raymond Duddleston, Mid- 


land, Mi 


ch. 
J. E. Ekhaml, Waynesboro, 
Vv 


a. 

James C. Feldmann, Penns 
Grove, N. J. 

Louis E. Garono, Woburn, 
Mass. 


King I. Glass, El Dorado, 
Ark. 

Frank A. Gluckert, West 
Chester, Pa. 

Edward E. Gray, Wilming- 
ton, Del. 

John Hale, Wilmington, 

el. 

Bernard A. Hess, Wilming- 
ton, 

John S. Hole, Drummond- 


ville (Que.), Canada 
L. Hujsak, Tulsa, 


Okla. 

Charles F. Kelly, Deep- 
water Point, N. J. 

R. O. Kettner, Woodstown, 


N. J. 
Wilfred H. Molinari, Penns 
rove, N. J. 
Earl D. Morris, Midland, 
Mich. 


Wilmington, 
M. Otto, Akron, 


Platzer, 
‘ass. 


Spring- 


Chemical Engineering Progress 


Harold H. Radke, Lorain, 
hio 
. E. Riker, Penns Grove, 


N. J. 

Harold Ten Broeck, St. 
Albans, N. Y. 

T. Eugene Tonnessen, 
Claymont, Del. 

James Elton Tuohig, Eliza- 
beth, N. J. 

A. B. Welty, Jr., Linden, 
N.J 


Robert. C. Werner, Har- 
mony, Pa 
Henry E. 


Mo. 

Cc. W. Wilkins, Jackson- 
ville, Fla. 

John T. Wilson, Freeport, 
Tex. 

C. F. Winans, Foxboro, Pa. 

Robert J. Wolf, Cleveland, 
Ohio 


St. Louis, 


APPLICANTS FOR 
ASSOCIATE 
MEMBERSHIP 


P. T. Francis, Port Arthur, 


‘ex. 
Alfred J. Sawyer, Trenton, 
Mich. 
APPLICANTS FOR 
JUNIOR 
MEMBERSHIP 
Allen E. Abrahams, H yatts- 
ville, Md. 

David D. Adams, Schenec- 
tady, N. Y. 

Muhammad Ali, Washing- 
ton, D. C. 

Philip M. Allen, Jackson, 


Mich, 

Eldon D. Arnold, Morgan- 
town, W. Va. 

Joseph B. Arots, Wilming- 


ton, 
Bal, 


Ben 
Arthur, Tex. 

Seymour M. Barer, Brook- 

lyn, N.Y. 


Port 
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COUNCIL’S REPORT 


(Continued from page 32) 


Engineering, Pennsylvania State College 
and the University of South Carolina, 
which brings the total number of student 
chapters at this date to 94. 

The Student Chapters Committee has 
continued with the cooperation of the 
Council to publish the Student Chapter 
Vews and more on this subject will appear 
in the report of the Student Chapters Com- 
mittee. 

In establishing Student membership the 
Council emphasizes that such membership 
should in no way affect the membership of 
student chapters, that is, there should be 
nc thought of limiting student chapter 
membership to student members. 

As to an interpretation of who should be 
eligible for Student membership the Coun- 
cil passed the following resolution: 


RESOLVED that a student to be 
eligible for Student Membership must 
be enrolled in a course leading to a 
bachelor’s degree or advanced degree 
granted upon the recommendation of a 
department or division of chemical en- 
gineering. 


Student Membership 


The dues for Student membership have 
been established at $1.00 per year and Stu- 
dent membership, the same as all other 
grades of membership, is on a calendar 
year basis. Along with Student member- 
ship goes the privilege of subscribing to 
Chemical Engineering Progress at the spe- 
cial Price of $3.50. 


Activities with Other Groups 


This is the first year the Institute has 
been a member of the American Standards 
Association. We have worked with it in 
the past closely on the establishment of a 
Standard System of Symbols and Nomen- 
clature Covering Unit Operations of 
Chemical Engineering and have during the 
year joined with other societies through 
the A. S. A. in the establishment of stand- 
ard symbols for use on engineering draw- 
ings particularly as they apply to the chem- 
ical engineering field. T. H. Chilton has 
been the official representative of the In- 
stitute on the Standards Council of the 
A. S. A. with E. H. Amick as alternate. 
One of the outstanding activities of the 
A. S. A. is the Chemical Industry Corre- 
lating Committee on which J. C. Lawrence 
is our representative with M. B. Conviser 
and W. G. Fogg as alternates. Represent- 
ing the Institute on other A. S. A. com- 
mittees are: Croshy Field—Committee B-9, 
Safety Code for Mechanical Refrigeration: 
R. S. Roberts—Committee B-31, Standard 
Code for Pressure Piping: Committee 
Z10, Letter Symbols and Abbreviations for 
Science and Engineering—M. Souders, 
who also represents the Institute on 
A. S. A. Committee—Z-32, Graphical 
Symbols and Abbreviations for Use on 
Drawings; R. C. Stratton—Committee 
Z-37, Allowable Concentration of Toxic 
Dusts and Gases; C. G. Shepherd—Com- 
mittee Z-42, Safety Code for Dry Clean- 
ing Units. 

The Institute has continued its partici- 
pation in Engineers Joint Council which is 
a joint effort with the American Society 
of Civil Engineers, American Society of 
Mechanical Engineers, American Institute 
of Electrical Engineers and the American 
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Heat- 
Transfer 
Surface 


@ High Efficiency 
@ Long Service Life 
@ Low Maintenance Costs 


You are assured of high efficiency in heating or cool- 
ing—long service life —low maintenance and service 
costs, when you specify Aerofin extended-surface 
heat exchangers. 

The reason is obvious: Aerofin makes heat ex- 
changers exclusively — offers you the results of 
unequalled experience, unequalled production facili- 
ties, unequalled materials testing and design research 
—and the guidance of a complete, highiy skilled 
engineering staff, at the plant and in the field. 

For the most practical solution to your heat- 


exchange problem, ASK THE AEROFIN MAN. 


Aerofin units do the job 
Better, Faster, Cheaper 


AEROFIN Coarorarion 


NEW YORK © BOSTON © CHICAGO CLEVELAND 
DETROIT © PHILADELPHIA @ DALLAS ® SAN FRANCISCO © TORONTO ® MONTREAL 


Aerofin is sold only by manufacturers of nationally 
advertised fan system apparatus. List on request. 
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Harold M. Belkin, Pitts- 
urgh, Pa. 

Joseph H. Bernstein, New 
York, N. Y. 

John F. Blumenfeld, Pitts- 


field, Mass. 

Niras Kumar Bose, New 
York, N. Y. 

S. Boyd, Pampa, 


ex. 
James 


Brooks, Somerville, 


Charles Brown, New 
York, N. Y. 
James H. Browns, Boulder, 
‘ol 


Col. 

George Theodore Bruun, 
Jr., Beaver, Pa. 

William Budd, Cincinnati, 
hi 


Ohio 

Charles A. Burdell, 
Point, Ga. 

Dan C. Campbell, Niagara 
alle, N. 

William A. Carr, Wilming- 
ton, 

Anthony J. Carracino, 
Newark, N 

Joseph E. Bucy- 


rus, 
George H. Cassedy, Wil- 


East 


Knoxville, 


Jerry Cline, Oleum, Calif. 

Robert M. Cline, Luckey, 
Ohio 

Earl Wm. Coderre, Jr., 
Westmont (Que.), Can- 


ada 

Thomas H. Coffing, Day- 
ton, Ohio 

Homer D. Coombs, /nsti- 
tute, W. Va. 

George F. Crewe, Morgan- 
town, W. Va. 

— G. Crees, Detroit, 


Robert F. Curran, Wey- 


if. 
Edward S. Davis, Wil 


CANDIDATES FOR MEMBERSHIP 
(Continued from page 36) 


Frederick W. Gander, Wil- 
mington, 

Franklyn A. Gardiner, 
Huntsville, Ala. 

Lawn, 

O. G. Jr., Detroit, 


Mich. 

Charles E. 
essa, 

Dallas 
Pg M. Goldy, Newark, 

N. 
A. Grant, Penns 

Grove, N. 
G. W. Gray, Savennch, Ga. 
Harvey J. Grimes, WNor- 


wood, Pa. 

Wallace K. Grubman, New 
York, N. Y. 

Jack A. Guthrie, 
Hook, Pa. 

H. Hacker, Brook- 
lyn, N.Y. 

David W. Hardesty, 
Marion, Ohio 

Ernest T. Harper, New 
York, N. Y. 

Stanley A. Hauer, Wil- 
mington, 

Joseph D. Helwig, Drexel 
Hill, Pa. 

Elger H. Hemminghaus, 
Niagara Falls, N. Y. 

William E. Henneman, 
Chicago, Ill. 

Clayton B. Hill, Jr., 
mington, 

Paul R. Hippely, Syracuse, 

D. F. Hoffman, Nitro, 
W. Va. 

Thomas Keati Holland, 
Wilmington, Del. 

Tom Hutson, Jr., Phillips, 
Tex 

Gordon C. Inskeep, 
Chicago, Ill. 

J. D. Jay, 


Charles S. Joanedis, 


Marcus 


Wwil- 


Wilmington, 
Wwil- 


ton, 
George A. Doren, Seattle, 
Wash 


ash. 

John A. Duffie, Madison, 
Wis. 

Robert W. Duhl, Orange, 
Tex. 

Wendell E. Dunn, Jr., Bal- 


timore, 
Chris W. Egler, Jr., 
Hackensack, N. J. 
Norbert C. Engst, La- 
Grange, Iil. 

William 
ville, 

Nicholas Old 
Forge, Pa. 

Richard W. Eustis, 
wood 


Clifford Evans, Seattle, 
Wash. 
Jack B. Feder, 
N.Y. 


Louis- 
Fan- 


Brooklyn, 

James N. Felger, Kenmore, 

James K. Ferrell, Raleigh, 
N 


Neil S. Fussell, Port 
Arthar, Tex. 


Earl Clare Kallmen, Pico, 
Kaplan, 


calif. 

Stephen I. Oak 
Ridge, Tenn. 

James Walter Kay, Alham- 
bra, Calif. 

Sylvian H. Kernaghan, 
Akron, Ohio 

Carl H. Ketheimer, Lorain, 
Ohio 

Malcolm J. Knebel, 
Haven, N. 

Carlos Alberto Knoepffler, 
Nicaragua, 


Fair 


ae Krugler, Akron, 
Ohio 

Stanley Lee New 
York, N. 

Richard D. 
Newington, Conn. 

Albert E. Lewis, Nitro, 


W. Va. 

Robert C. Liimatainen, 
Chicago, Ill. 

W. Henry Linton, Jr., 
Wilmington, Del. 

James M. Madigan, Cleve- 
land, Ohio 


Russell V. Malo, Munster, 
Ind. 

Elmer D. Malone, St. Louis, 
M 


Raymond J. Mannella, 
Pittsburgh, Pa. 

Carl H. Manwiller, 
mington, 


¢. — Marshall, Baytown, 


James A. 


Wwil- 


Ferdinand L. Sedlacek, 

ronx, N. Y. 

Willis J. Service, Jr., 
Willow Run, Mich. 

Kamal Abdu Shair, Ann 


Lawrence Phila- 
delphia, Pa. 
Carl D. Jr., inde- 


Robert A. McAllister, At- 
lanta, Ga. 

Gordon J. McCarthy, Alma, 
Mich. 

John H. McCormick, 
Charleston, W. Va. 

Richard P. Medlin, 
mont, Tex. 

Paul H. Mehne, New 
Castle, Del. 

Alex R. Mitka, Minne- 
apolis, Minn. 

James F. Mudd, Louisville, 


y. 

William T. Muncaster, 
Woodstown, N. J. 

S. R. Nanavati, Bombay, 


ndia 

Lloyd A. Nelson, Spokane, 
Wash. 

Melvin C. Nelson, Clifton, 
N.J 


James R. O'Connor, Potts- 
town, Pa. 

Robert O’Ferrall, Terre 
Haute, Ind. 

T. M. O'Grady, Stamford, 
Conn. 

Wynn w. ~ Santa 
Cruz, 

— J. Olson, Fairlawn, 


N 

Harold W. Ordway, 
Brecksville, Ohio 

Kenneth Spring 
Valley, N. Y. 

Francis O'Shaughnessy, 
Woodstown, N. 

Robert C. Petrey, Kings- 
port, Tenn. 

V. P. Piana, Borger, Tex. 

J. Pikna, Akron, 


Ohi 
Charles A. Plank, Raleigh, 
J. Prohl, Hammond, 
L. Puryear, Cin- 
cinnati, Ohio 
Thomas J. Regan, 


burgh, Pa. 
Alvin Ring, Alliston, 


Pitts- 


Mas 
W. Ritter, Whiting, 


Ind. 

Arnold I. Salka, Los 
Angeles, Calif. 

John P. Sanders, Fayetts- 
ville, Ark. 

Donald H. Sartor, 
O'Fallon, 

W. K. Savage, Jr., Port 
Arthur, Tex. 

Robert Schaaf, Shert 
Hills, 

Don B. Cin- 
cinnati, Ohio 

John J. Sebenick, Colum- 

Ohio 


bus, 
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James Edward Springgate, 
St. Louis, Mo. 

Maurice E. Stanley, 
Arthur, Tex. 

William A. Statesir, Jr., 
Penns Grove, 


Ludwis Stern, Philadel- 


Port 


Charles v. Sternling, 
Emeryville, Calif. 

J. E. Stevens, Texas City, 
Tex. 

Ross D. Stevenson, Fern- 
dale, Mich. 

Keith G. Steyer, Berkeley, 


Calif. 
Edgar A. Stoddard, Jr., 
‘ono, 


Me. 
©. Teal, Buffalo, 
N. 
Jay M Tenzer, Newark, 
N. 


1. Thigpen, Wwil- 
mington, Del. 

David W. Thornburg, 
Boulder, Col. 

Melvin Tobias, Oak Ridge, 


enn. 
Herbert L. Toor, Evanston, 


James M. Trebilcock, 
E. St. Louis, iil. 

James F. Uthey, Niagara 
Falls, N 

Robert G. Vanderwater, 
Richland, Wash. 

Theodore J. VanKirk, 
Niagara Falls, N. Y. 

Robert R. Voigt, Warren, 


Pa. 

Gerard N. Vriens, Somer- 
ville, N. J. 

G. R. Walton, Jr., Pasa- 
dena, Tex. 

W. W. Wamsley, Seattle, 
Wash. 

Charles A. Waugaman, 
Woburn, Mass. 

Peter F. Way, New York, 
N.Y 


John N. Whelan, Woods- 
town, N. J. 

Fred H. Whitaker, Orange, 
Tex. 

Douglass White, Louisville, 


Ky. 
Harold E. Whitlock, Wil- 
mington, Del. 
Albert E. Wickland, Jr., 
Chicago, Ill. 
Ray H. Wilber, 
ton, 

Robert B. Winsbro, 
Ridge, Tenn. 

Fred H. Winterkamp, 
Orange, Tex. 

Stuart R. Wright, Arvida 
(Que.), Canada 

Eugene Yarotsky, St. 
Marys, Pa. 


Wilming- 
Oak 
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COUNCIL’S REPORT 


(Cantinued from page 37) 


Institute of Mining Engineers. Our repre 
sentation on E. J. C. has consisted of 
S. D. Kirkpatrick, as Past President, W 
L.. McCabe, as President, D. B. Keyes as 
alternate and S. L. Tyler as Secretary 
Other members of the Institute have served 
as representatives on various committees 
ot E. J. C.; among these are the follow- 
ing: A. G. Aitchison—Committee to Study 
Cancer Research; N. A. Shepard, General 
Survey Committee; A. B. Newman, Z. G 
Deutsch and N. A. Shepard—International 
Relations Committee; D. L. Katz—Joint 
Committee on Student Chapters; A. B 
Newman and N. A. Shepard, National En 
gineers Consultative Committee; R. 1) 
Hoak—-Temporary Exploratory Commit 
tee on National Water Policy; L. W. Bass 
Committee on Unity in the Enginecring 
Profession. The Temporary Exploratory 
Committee on National Water Policy pre 
pared a comprehensive study and report of 
the water problems of the nation which 
was presented to the President's Commis 
sion on National Water Policy and mem 
bers of this committee have cooperated 
with the President's Commission. The 
Committee on International Kelations has 
been very active in carrying on negotia- 
tions with engineering societies in South 
America, exploring the possibility of a 
hemisphere engineering society which 
would devote itself to the problems com Many firms have solved the 
men to engineers of the Western Hemi : 
sphere. More recently E. J. C. has been corrosion problem and the space 
requested to advise the National Security problem at the same time by installing 
Resources Board on an over-all National 
Manpower Policy covering _ technically Fansteel Tantalum Condensers. 
trained personnel. Work on this is in Not only is Tantalum acid-proof (not 
progress at this time and no final report 
has been submitted. Other groups work- merely “‘corrosion resistant’’) but 
ing in a similar capacity are the National : : : 
Research Council, American Institute of its high heat transfer efficiency results 
Physics and American Chemical Society. in saving valuable plant space. One 
The Institute has worked closely with . . 
the Engineers’ Council for Professional user increased production and saved 
Development, being represented on the 71.4 cu. ft. with Tantalum Condensers. 
Council by C. G. Kirkbride, P. D. V. Man- 
ning and W. N. Jones. Institute represen- 
tatives on E. C. P. D. Committees: Z. G 
Deutsch—Committee on Employment Con 
ditions for Engineers; B. F. Dodge—Com- 
mittee on Engineering Schools; D. B 


Keyes—Joint Committee on Professional : 

Troing, L. W. Bass—Committee on It is not uncommon for a Tantalum 

Principles of Engineering Ethics; E. J Condenser to dissipate 120,000 Btu. per hour 
Lyons—Committee on Professional Recog- 

nition and Z. G. Deutsch—Committee on through each square foot of heat 

Student Selection and Guidance, and also transfer service. Moreover, being a metal, 

its chairman. The Council approved the pitas 3 

Canons of Ethics without superseding our it is not subject to thermal shock. 

Code of Ethics as it appears in our own 

Constitution, and further ordered that they Tantalum Condensers improve product purity 
be published whenever our Constitution li ‘ littl 
and By-laws are published. The Commit nen teamenen wee and quality, require very little 
tee on ECONOMY for mou ocid maintenance and make 

a compiete repor ming ecom we 4 A 
mended procedure and program for E. substantial savings in cooling 
P. D. to cooperate in this field. The In alkalis or substances 
stitute has also approved the general idea containing free SOs. water. Consult Fansteel for 

of E. C. P. D. embarking upon this venture . designs and recommendations. 
as the program was clear and appeared to Weite fer iafermetive 5 
be well, thought out and well prepared. It bulletins on Tontolum Aud- Fansteel Metallurgical 
is with the Committee on Engineering Proof Chemicel Plant Corporation, North Chicago, 
Schools of E. C. P. D. that the Institute . core 

cooperates so fully on matters having to Illinois, U.S. A, 

do with accrediting and in all cases the 
Committee on Engineering Schools and 
also E. C. P. D. have accepted the recom- 
mendations of the Institute's Committee on 
Chemical Engineering Education and Ac 
crediting. 


é 


Acid Pro 
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ESS DOWN TIME 


WITH 


SPARKLER 
FILTERS 


A matter of minutes not 
hours for a complete 


No shut down of produc- 
tion to dismantle and clean 
each plate separately, then 
reassemble the complete fil- 
ter, with hours of lost oper- 
ating time and a messy 
clean up job. 


The complete plate car- 
tridge assembly is hoisted 
out of the Sparkler filter 
tank and a clean set of plates 
lowered in position and the 
filter is working again in a 
few minutes. Can you do 
this with your present filter? 


One Sparkler filter with 
an extra set of plates is 
equal to two filters for con- 
tinuous operation in most 
chemical production line 
installations. 


Write Mr. Eric Anderson for per- 
sonal engineering service on your 


porticular filtering problem. 


SPARKLER MANUFACTURING COMPANY 


Mundelein, tll. 


COUNCIL'S REPORT 
(Continued from page 39) 


Other groups with which the Institute 
carries on a rather limited cooperation are: 
American Documentation Institute through 
R. S. McBride as representative; Ameri- 
can Society of aoe and Ventilating 
Engineers through J. York as a mem- 
ber of the et the Joint Committee 
on Psychrometric Data; American Society 
of Mechanical Engineers through T. B. 
Drew on the Heat Transfer Division Co 
ordinating Committee and the Liaison 
Committee of Process Industries Division 
and through J. J. Grebe on the Commit- 
tee on Industrial Instruments and Regula- 
tors Division, also, H. F. Newman on 
the Power Test Codes Committee on Cen- 
trifugal and Rotary Pumps; American So- 
o~. of Refrigerating Engineers through 
H. C. Duus as representative on the Joint 
pt on Rating Refrigerating Equip 
ment; American Society for Engineering 
Education through A. B. Newman and 
S. D. Kirkpatrick as representatives of the 
Committee on Relations with Industry; 
National Association of Corrosion Engi 
neers through R. B. Mears and 
Fontana as our representatives on the 
Inter-Society of Corrosion Engineers; Na- 
tional Engineering Advisory Committee 
through A. B. Ray; National Research 
Council through J. C. Elgin on the Divi- 
sion of Chemistry and Chemical Technol- 
ogy and G. O. Curme on the Division of 
Engineering and Industrial Research, also 
on the Conierence on Glossary of Terms 
in Nuclear Science and Technology, J. R. 
Huffman has acted as our representative 
with F. J. Van Antwerpen as alternate. On 
the National Safety Council R. C. Stratton 
has been our representative with V. R. 
Croswell as alternate; J. M. Weiss repre- 
sents the Institute on the Committee on 
National Bureau of Engineering Registra- 
tion of the Advisory Board of the National 
Council of State Boards of Engineering 
Examiners. 

It is with a sense of real loss to the In- 
stitute that the Council reports the pass- 
ing during the year of the following: 


Active Members: M. J. Bahnsen, W. C. 
Bainbridge, C. W. Cuno, F. E. Dodge, 
W. H. Gabeler, A. E. Gibbs, J. M. Graham, 
Jr, B. A. Irwin, H. M. Kaufman, E. C. 
Merrill, L. A. Olney, M. Randall, W. F. 
Washburn, A. H. Winheim, F. J. Wood, 
R. Woodward, Jr. 


Associate Member: E. Kihn. 


Junior Members: S. J. Brill, Ca- 
rucci, T. C. Main, B. G. Nelson Ny E H. 
Von Storch 


AND NOW IT’S OCTOBER 


If readers have copies of the 
October, 1950, issue which have 
already served their purpose, we 
shall be glad to pay 50 cents 
for each one. Send them to 
Chemical Engineering Progress, 
120 East 4ist Street, New York 
17, N. Y., postpaid. Indicate your 
name and address plainly on the 
outside or inside of the package. 
Do heed this request—we need 
this issue. 
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SECRETARY’S REPORT 


om Council of the Institute met on 
& Sunday, Dec. 3, at the Neil House 
in Columbus, Ohio. The first order of 
business after the approval of Minutes | 
was the appointment of personnel of | 
committees for the year 1951. This was | 
completed and will appear as a supple- 
ment to the 1950 Year Book and it is 
expected that the membership will have | 
already received this supplement. 

The Council received the report of the 
Tellers and in accordance with the re- 
quirements of the Constitution declared | 
elected the following officers for 1951: 
President, Thomas H. Chilton: Vice- 
President, William I. Burt: Treasurer, 
Carl R. DeLong, and Secretary, Stephen | 
L.. Tyler, and the following Directors | 
were declared elected for the period 
1951-1953: Charles R. Nelson, Earl P. 
Stevenson, Robert C. Gunness and R. 
Paul Kite. 

The Council reviewed the report from 
the Committee on the Future of the In- 
stitute, L. W. Bass, chairman, which 
resulted in a continuance of the com- | 
mittee and an appreciable enlargement, 
and as Dr. Bass felt that he could not 
carry on as chairman W. T. Nichols was | 
appointed as chairman with L. W. Bass, | 
J. L. Bennett, G. G. Brown, W. I. Burt, 
F. J. Curtis and M. C. Molstad as mem- 
hers of the committee. 

There was considerable discussion on | 
the question of Student Membership, 
particularly as to those students who 
should be considered eligible for such 
grade of membership. It was therefore 
voted that the resolution passed at the 
Nov. 10 meeting (C.E.P., December, 
1950, page 26) be amended to read as 
follows 


RESOLVED that a student to be elig- 
ible for Student Membership must be en- 
rolled in a course leading to a bachelor’s 
degree or advanced degree granted upon 
the recommendation of a department or 
division of chemical engineering providing 
he is taking instructions equivalent to one- 
third the credit requirements in a regular 
full-time curriculum. 


The budget for the Institute for the 
year, 1951, was submitted and after 
considerable discussion was approved; 
also the budget for Chemical Engineer- 
ing Progress was approved at the same 

J. C. Elgin, as chairman of the Con- 
and By-Laws Committee re- 
ported that considerable progress was 
being made in the preparation of a new 
set of bylaws and it was voted that a 
draft be prepared for submission to 
Council at as early a date as possible. 


(Continued on page 45) 
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The LAPP PULSAFEEDER Principle 
of proportional pumping combines 
advantages of PISTON and 
DIAPHRAGM design 


Reciprocating piston action for positive 
displacement. But piston pumps only 
hydraulic medium. Diaphragm does no 
mechanical work—acts only as a_ bal- 
anced, floating partition, which isolates 
INTAKE STROKE chemical being pumped from pump mech- 
anism. Piston stroke length continuously 
variable while pump is in operation, for 
precise control of pumping rate. Also 
available: Auto-Pneumatic Pulsafeeder 
with automatic-pumping-rate control, re- 
sponsive to flow, pH, temperature, liq- 
uid level, pressure or other variables. 


DISCHARGE STROKE 


o NO STUFSING BOX OR RUNNING SEAL 

 HYDRAULICALLY-BALANCED DIAPHRAGM SEAL 

© POSITIVE DISPLACEMENT PISTON MEASUREMENT 

e FLOW RATE ADJUSTABLE WHILE IN OPERATION 

© OlL-BATH LUBRICATION OF ALL MOVING PARTS 

© UNITS AVAILABLE 

FOR MANUAL OR 
AUTOMATIC CONTROL 


PISTON-DIAPHRAGM CHEMICAL PROPORTIONING PUMP 


WRITE for Bulletin 262 with complete description and specifications. 
LAPP INSULATOR CO. INC, PROCESS EQUIPMENT DIVISION, coy MAPLE STREET, LEROY. HY 
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A YOUNG ENGINEER 
(Continued from page 24) 


It seems that the employer-employee rela- 
tionship under which most engineers work 
has tended to lessen the time which engi- 
neers have available for such important 
professional considerations. Also has this 
relationship lessened the likelihood of the 
engineer's making these considerations 
since a problem can seem idezlly solved by 
the employer before any such consideration 
of consequences enters the question. I 
do not believe that engineers in general will 
be publicly recognized as professionals 
until they take it upon themselves, in spite 
of their handicaps, to become a group 
dedicated to public service, by the means 
outlined here. Better minds than mine have 
said similar things many times before (re- 
cently 1-4, 6, 7, 10, 11, 14, 16, 18-20, 23-26, 
28, 31-33), but until this exhortation is 
reflected in accomplishment, | must admit, 
after ten years of preparation and work in 
engineering, disappointment with the at- 
tainments of this vocation. 
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Customers buy through the eye. After you have 
striven to give your product the best in design and appearance, why tolerate 
an old-style, unkempt motor? By selecting the dynamically-contoured U. S$ 
Sanitary Motor your product presents greater sales appeal. This magnificent 
motor is gracefully designed and is finished in glistening white baked enamel. 
It permanently maintains immaculate appearance and gives plant workers new 
incentive to keep equipment clean. It meets all sanitary codes. It costs only a 
few dollars more than run-of-the-mill motors. Equip your machines with this 


attractive motor. You'll have dependable power and most advanced design. 


The U. S. Sanitary motor embodies the features that built U. S. Motors’ repu- 


tation for highest quality—asbestos-protected windings, solid, indestructible 


rotor, annealed steel laminations, and streamlined, shielded housings. 


Ask for descriptive Bulletin 1554 featuring U. S. Sanitary Motor. 


U.S. ELECTRICAL MOTORS Inc. 


PACIFIC PLANT: Los Angeles 54, Calif. ATLANTIC PLANT: Milford, Conn. 


Atlanta 3, Go.; Bakersfield, Calif; Boston 16, Mass., Chicago 8, Ill; Cincinnati 16, Ohio; Cleveland 14, 
Ohio; Dallas 9, Texas; Detroit 2, Mich.; Fresno 1, Calif.; Houston 4, Texas; Indi lis 4, ind.; Milwaukee 2, 
Wisc.; Minneapolis 2, Minn.; New York City 6, N. Y.; Philadelphia 2, Pa.; Pittsburgh 2, Po., 

Sen Francisco 7, Calif.; Seattle 4, Wash. Distributors and Agents in all principal cities. 


Sa 4 
EASY TO CLEAN 
3 
3 
WASHABLE 
\ 
SEALED TERMINALS 
U. Ss M O TOR 


SECRETARY'S REPORT 
(Continued from page 41) 


The December meeting of the Execu- 
tive Committee was held on the 15 at 


the Offices of the Institute. The Treas- 
urer’s report and bills were received and 
approved. The applicants for member- 
ship whose names appeared in the | 
November, 1950, issue of Chemical 
Engineering. Progress were elected to 
the grades of membership indicated. 

F. J. Lockhart was appointed coun- 
selor of the student chapter at the Uni- 
versity of Southern California to suc- 
ceed F. A. Landee. R. N. Maddox was 
appointed counselor of the student chap- | 
ter at Oklahoma A. & M. College to | 
succeed W. A. Klemm. | 

The following members have en- 
tered the Armed Forces of the country 
and are therefore placed on the Suspense 
List which provides for a continuation 
of their membership without financial 
obligation up to a period of six months 
beyond the termination of their service: 
Albert Edwards, John J. Foster, H. A. 
Golle, Joseph Novack and Robert R. 
Rhodes. 


Resignations were accepted from 
twelve members. 

T. H. Chilton was appointed repre- 
sentative of the Institute to attend the 
Ceremonial Session of the American 
Chemical Society in celebration of its 
Seventy-Fifth Anniversary. 


The Executive Committee met Jan. 
12, 1951, just preceding the meeting of 
Council, and after approving minutes, 
Treasurer's report and bills, proceeded 
with the other business of the meeting. 
Those applicants whose names were 
listed in Chemical Engineering Progress, 
December, 1950, were elected to the 
grades of membership as indicated. 

The appointment of committee per- 
sonnel for 1951 was completed and 
reappointments made in the limited 
number of cases where members found 
it impossible to serve. 

Resignations were accepted from 14 
members. The following members have 
entered the Armed Forces and are there- 
fore placed on the Suspense List for the 
period ef their Service and six months 
after discharge from the Service: J. M. 
Jacobs and P. W. Riegelhaupt. 

James C. Lawrence was appointed 
Institute representative on a_ special 
committee of the American Standards 
Association to study a Proposed Project 
on Storage and Handling of Anhydrous 
Ammonia and Ammonia Solutions. 


(Continued on page 57) 
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. True diameters / 


e True wall thicknesses 


. Tough, close-grain metal / 


Are you thoroughly familiar with 
the superior qualities of “‘centrifugally cast” high alloys...such 
as these cylinder liners, for example? 

Centrifugally cast metal is exceptionally uniform, close-grained 
and strong. It is free of pits and pockets. It is capable of passing 
very rigid tests. And the practical advantage is that as long as 
there is o central circular hole, almost any outside shape can be 
cast. Some of our customers want their castings centrifugal even 
though considerable boring and other machining is necessary to 
finish the piece. 

We recommend our centrifugal casting service if your require- 
ments call for the characteristics outlined above. Our high alloy 
foundry is m. Jern in every respect and staffed by metallurgists 
and foundrymen of many years’ experience with both centrifugal 
and static castings. 


COMPANY 


Float: Scottdale Pa. 12East 41st Street, New York 7, 
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Monday, March 12, 1951 


Morning Sessions beginning 
at 9:15 A.M. 
Walter E. Lobo, presiding 


Applications of Fluid Mechanics 
and Similitude to Scale-Up 
Problems.—/. H. Kushton 


Relationship Between Test Data 
and Industrial Filant Equip- 
ment.—Paul Talmey, Gregowe 
Gutseit and J. Robert Sproul 

Afternoon Sessions beginning 

at 2 P.M. 
Walter E. Lobo, presiding 


Interpreting Small Scale Filtra- 
tion Tests in Terms of Com- 
mercial Scale Equipment.— 

J. A. Kenney 


Practical Evaluation of 


Pilot 
Plant Filtration Data—kK. N. 
Hill and M. M. Kaiser 


Tuesday, March 13, 1951 


Morning Sessions beginning 
at 9:30 A.M. 
J. R. Kernan, presiding 


TECHNICAL PROGRAM 
WHITE SULPHUR SPRINGS MEETING 


Symposium: The Relationship Between Pilot-Scale and 
Commercial Chemical Engineering Equipment 


The Relation of Pilot Plant Oper- 
ation Commercial Plant Op- 


A. G. Blank and William 'H. 
Zamsow 


The Evaluation of Centrifuge Per- 
formance.—Charles M. Ambler 


Afternoon Sessions beginning 
at 2 P.M. 


J. R. Kernan, presiding 


Scale-Up of Semi-Works Distilla- 
tion Equipment.—/. Jones 
and Cyrus Pyle 


Wednesday, March 14, 1951 
Morning Sessions beginning 
at 9:30 A.M. 

G. T. Skaperdas, presiding 


The Design of Commercial Con- 
tinuous Reactor Systems From 
Pilot Plant Batch Data.— 
Arthur P. Weber 


A Procedure for Scaling-Up a 
Catalytic Reactor.—/ohn Beek, 
Jr., and Emanuel Singer 


NEWS 
(Continued from page 28) 


A.S.A. ABBREVIATIONS 
FOR DRAWINGS READY 


A revised edition of the American 
Standard Abbreviations for Use on 
Drawings was recently published by the 
American Standards Association, 70 
East 45th Street, New York, N. Y. 

To bring the 1946 edition of the stan- 
dard up to date with latest industry-wide 
practice a committee representing tech- 
nical associations, industry, government 
and independent experts developed this 
edition. It will aid draftsmen, shopmen, 
assemblers, and construction men in 
interpreting industrial drawings done by 
various companies and branches of the 
government. More than 200 changes 
have been made in the abbreviations in- 
cluded in the original edition, and more 
than 40 new abbreviations have now 
been incorporated. 
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Copies of the American Standard 
Abbreviations for Use on Drawings, 
Z32.13-1950, may be obtained at $1.00 
per copy. 


INSTRUMENTAL ANALYSIS 
COURSES AT M.LT. 


Two one-week specialized training 
programs in instrumental analysis will 
be offered as part of the 1951 summer 
session at M.1.T., Cambridge, from July 
9-13 and July 16-20. 

In announcing the two courses, Prof. 
W. H. Gale, director of the M.LT. 
summer session, emphasized the in- 
creased use of instrumental methods in 
applied analytical chemistry. The first 
week’s program will be devoted to elec- 
trical methods of instrumental analysis 
and the second will cover optical spec- 
trophotometry, colorimetry, etc. Both 
programs will consist of a two-hour 
laboratory workshop period for lecture 
and discussion and a three-hour labora- 
tory workshop each day. 
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TEL. PLANT EXPANDS 
DU PONT’S FACILITIES 


A new continuous process for the 
manufacture of tetraethyl lead, a gaso- 
line additive essential to the nation’s 
modern fighting power, has been per- 
fected by Du Pont research men and 
engineers. The company announced 
that construction will start immediately 
on the first new continuous production 
unit which will have an annual produc- 
tion capacity of about 50 million pounds 
of tetraethyl lead a year. This expan- 
sion of tetraethyl lead facilities will 
substantially increase Du Pont's ability 
to meet the heavy demand for high oc- 
tane fuel. 

At the present time, tetraethyl lead is 
made in batches, a process perfected by 
Du Pont as early as 1923. In addition 
to increasing productive output, the new 
continuous process eliminates the need 
for equipment made of special steel al- 
loys which are essential in the batch 
process. The new process is the result 
of advanced engineering design, and a 
major change in the basic chemical 
process. 

The continuous process tetraethyl lead 
plant will be located at the Du Pont 
Co.’s Chambers Works at Deepwater 
Point, N. J. It is expected to be in 
production by January, 1952. Contracts 
have already been given out for both 
materials of construction and manufac- 
ture. 

Sodium to supply the needs of this 
expanded tetraethyl lead production will 
be furnished in part by the adoption of 
a new process now being installed at 
Memphis, Tenn., for production of 
sodium cyanide from hydrogen cyanide 
and caustic. Sodium cyanide is currently 
being produced by a process requiring 
metallic sodium. Upon completion ef 
the Memphis plant by Jan. 1, 1952, this 
sodium will be available for tetraethyl 
lead production. 


CANADIAN AWARD 
TO BE OFFERED 


The award of a palladium medal for 
outstanding contribution to the science 
of chemistry or chemical engineering 
will be one of the principal features 
of the 34th annual conference of The 
Chemical Institute of Canada, scheduled 
for Winnipeg, June 18-20, 1951. This 
award will be known as The Chemical 
Institute of Canada Medal and will be 
the highest honor that the Institute can 
give to a chemist or chemical engineer. 

The medal was offered to the Institute 
through the International Nickel Co. of 
Canada Ltd. who wished to commemo- 
rate the 200th anniversary of the separa- 
tion of nickel by the Swedish chemist 
Cronstedt. 
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LOCAL SECTION | | are your pipe ues 


ROCHESTER HEADED FOR THE 

The meeting on Jan. 17 consisted of 
an inspection tour of the R. G. & E.’s 
Russell Station, followed by an address 
by Alexander Beebe, president of 
Rochester Gas & Electric Corp. It was 
designed to give members an oppor- 
tunity to become better acquainted with 
the private operation of a public utility 
company. 

Mr. Beebe presented a picture of the 
private operator’s opinions on govern- 
ment-operated projects before 75 mem- 
bers and guests. He stated they were 
in agreement with government opera- 
tion in areas where power was needed, 
but the economics made it impractical 
for private companies to operate. How- 
ever, he was emphatic in stating that 
government should not go beyond this. 


Reported by O. J. Britton 


AKRON 


At the Jan. 11 meeting held at the 
University Club, 80 members and guests 
attended. Robert Hampton of the 


Akron Better Business Bureau gave a Why put up with pipe line corrosion when you can stop it cold with 
brief talk on the history of the BBB PYREX brand DOUBLE.TOUGH glass pipe? In resistance to all 
demonstrating how that organization acids, except hydrofluoric and phosphoric, it outlasts any other 
serves and helps the housewife save piping material. Ic is also resistant to mild alkalies. Moreover, it is 

H. F. Livingston, manager, public Stronger, too! Made DOUBLE-TOUGH by a new heat treating 
—, aceon lly: Boer: process, the ends of all straight lengths as well as all fittings 
ie gave Ny nied a preview mt (except U-bends) are doubly increased in strength. Operating pres- 
chemical developments of the future and sures of 50 p.s.i. are within range and in some cases, may be even 
also demonstrated a new man-made fiber higher. 
known as Orlon acrylic fiber. He Trouble can't hide! The transparency of PYREX brand pipe per- 
pointed out that it takes many years to mits visual check of flow and quality char- 
develop a new material and stated that acteristics of any liquid you transfer. Trouble 
the development of nylon illustrates the can't hide behind glass. Easy to install and 
story of American industrial success, clean, it prevents product contamination. 
the Available! Stocked by leading pipe engineer- 
ing distributors, PYREX brand DOUBLE- 

The 1951 treasurer of the section is TOUGH glass 9 - available in 1, 1%’, 
Leonard A. Harris and not William 2 »3 »4 and 6" 1.D., including standard 
Harlacher as first reported. fittings. Mail the coupon below for catalog. 


Reported by Edmund Duplaga 


MARYLAND CORNING GLASS WORKS 


The annual business meeting was held 
Dec. 12, 1950, at Johns Hopkins Univer- CORNING GLASS WORKS 


sity at which the following officers were PYREX brand 
elected for 1951: DOUBLE-TOUGH Glass Pipe Catalog. Also, 
F. C. Dehler stad 


Vice-Chairman.......... L. J. Trostel 
Secretary-Treasurer..Alan Beerbower 


The meeting was addressed by G. E. 
Mullin of Dowell Inc. He discussed 


“Combating Corrosion with Metal from 
the Sea.” 


Reported by Alan Beerbower 1851 © 100 YEARS OF MAKING GLASS BETTER AND MORE USEFUL © 195) 


Vol. 47, No. 2 Chemical Engineering Pregress Page 47 


SCRAP HEAP? 
PYREX )erano Giass PIPE 
E pat. stops corrosion! 
¥ 
= 
aw 
CORNING, N. Y. 
abdoratory asswore, NAME 
Product Lightingwore, Signolwore, Comparer 


FOR EXACTING FUTURE MEETINGS AND SYMPOSIA OF A.I.Ch.E 
TECHNICAL APPLICATIONS Chairman of the A1.Ch.E. Program Committee 


Walter E. Lobo 
The M. W. Kellogg Co., 


VITREOSIL* (vitreous sil- 
225 Broadway, New York 7, N. Y. 


ica) tubing possesses 
many characteristics you MEETINGS Madison Avenue, New York, 


seek. A few of its proper- Suipher Springs, W. The 
reenbrier, March 11-14, 1951. 
ties are: Chemical and Technica Chairman: SYMPOSIA 
catalytic inertness. Use- alter E. Lobo, The M. W. Relationship Between Pilot-Scale 

Kellogg Co., 225 Broadway, New and Commercial Chemical En- 
fulness up to 1000°C and York, N. Y. gineering Equipment 

Chairman: Walter E. Lobo, The M. 

under extreme thermal City, Mo. Hotel President W. "Kellogg, Co, 228, Broadway 
shock. Homogeneity and Technicel Program Chairman: M ved Wik Sulph Sprin 
freedom from metallic Walter W. Deschner, F. 


iti Pritchard Co., Kansas City, Mo. 
Rochester, N. Y., Sheraton Hotel, Maintenance 


trical resistivity. Best Sept. 16-19. 1951. 
. nuine um orp ar 
ultra-violet transmission Ave, New York, 

(in transmission quality). 230 Park Ave., New York, -Rochester, N. Y. 


VITREOSIL tubing avail- te ie Industrial Applications of Photog- 
Annual — Atlantic City, N. J., raphy 
able promptly from Chalfonte-Haddon Hall Hotel, Chairman; Carl Gath, Eastman Ko- 


2-5 dak Co., Kodak Park Works, 
stock in four qualities. 


Technical Program Chairman: 


Frank J. Smith, Pan American Meeting—Rochester, N. Y. 
TRANSPARENT Corp., New York, N. Y. — Ss 
SAND SURFACE French Lick, Ind. French Lick Chairman: W. W. Kraft, The 
Springs Hotel, May 11-14, 1952. Lummus Co., 385 Madison Ave- 
GLAZED Technical Program Chairman: W. nue, New York, N. Y. 
SATIN SURFACE W. Kraft, The Lummus Co., 385 Meeting—French Lick, Ind. 


Authors wishing to present papers at a scheduled meeting of the A.I.Ch.E. 
should first query the Chairman of the A.I.Ch.E. Program Committee, Walter 
E. Lobo, with a carbon copy of the letter to the Technical Program Chair- 
man of the meeting at which the aoe wishes to present the paper. Another 
carbon should go to the Editor, F. J. Van Antwerpen, 120 East 41st Street, 
New York 17, N. Y. If the paper is suitable for a symposium, a carbon of the 
letter should go to the Chairman of the Symposia, instead of the Chairman of 
the Technical Program, since symposia are not scheduled for any meeting until 
they are complete and approved by the national Program Committee. Before 
authors begin their manuscripts they should obtain from the meeting Chairman 
a copy of the Guide to Authors, and a copy of the Guide to Speakers. The 
first book covers the preparation of manuscripts, and the second covers the 
proper presentation of papers at A.I.Ch.E. meetings. Presentations of papers 
are judged at every meeting and an award is made to the speaker who delivers 
his paper in the best manner. Winners are announced in Chemical Engineering 
Progress, and a scroll is presented to the winning author at a meeting of his 
local section. Since five copies of the manuscript must be prepared, one should 
be sent to the Chairman ~ 4 symposium and one to the Technical Program 
Chairman of the meeting, or two to the Technical Program Chairman if no 
symposium is involved and the other three copies should be sent to the Editor’s 
office. Manuscripts not received 70 days before a meeting cannot be considered. 


KNOXVILLE-OAK RIDGE TENNESSEE VALLEY 


Officers elected for 1951 are as fol- The following officers have been 
lows: elected for 1951: 


Chairman 
Chairman-elect...W. B. Ill Vice-Chairman 
F. N. Browder 
THE THERMAL SYNDICATE, LTD Treasurer W. K. Stromquist T ry 

| Asst. Secretary . F. Johnson 
12 East 46th Street Directors H. J. Garber, J. A. Lane, Executive Te ae 


New York 17, New York and G. H. Montillon sh 
Reported by F. S. Chance, Jr. Reported by Cecil Rose 
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CHARLESTON, W. VA. 


A general meeting of this section was 
held at the Charleston Recreation Cen- 
ter Jan. 16, 1951; about 110 members 
and guests were present. 

The speaker of the evening was Paul 
J. Culhane of the patent division of the 
Du Pont Co.'s legal department. His 


subject was “What a Chemical Engineer | 


Should Know About Patent Procedure.’ 
Dr. Culhane opened his remarks with 
definitions and descriptions of what is 
patentable. He pointed out how judges 
and examiners differ in interpretations 
of the 
beneficial, ete. 

The speaker outlined the necessary 
steps in making a patent application. 
The speaker also stated that the use of 
patents is increasing; that a product 
or process cannot really be kept secret 
unless the organization is very small. 
He further thought that recent court 
rulings had not damaged the patent 
structure. 


words—inventive, unobvious, 


The meeting closed with a question 
period. 


Reported by M. C. Guthrie, Jr. 


SOUTHERN CALIFORNIA 


This section held its monthly dinner 
meeting Jan. 16, at Scully's Cafe in 


| 


A REGULAR service oF THE COOPER ALLOY co., J. 


ate echnical Sopics 


RUST FORMATION ON 
18-8 STAINLESS STEEL 


| NORMAN S. MOTT 


Chief Chemist and Metallurgist 


The popular conception that rust 
can never form on 18-8 stainless 
steel unless something is wrong 
with the chemical composition or 
the heat treatment, is a long way 
from the truth. Experience has 
shown that rust can occur on 
stainless alloys of controlled com- 
position and heat treatment as the 
result of surface contamination. 
Among the many sources of con- 
tamination which may contribute 


| to the formation of rust on the 


Los Angeles. Some 55 members and | surface of stainless steels, the fol- 
| lowing are leading offenders: 


guests were present to see the techni- 
color motion picture film, “The Story of 
Palomar,” which was presented by S. B. 
Nicholson and Robert Richardson, 
members of the staff of the astrophysics 
department, California Institute of 


Technology. Slides were also shown in | 
conjunction with a discussion of studies | 
and objectives of some of the programs | 
currently under way at the observatory. | 


The film was of interest to southern 
Californians, since it 
growth of the 200-in. mirror from its 
casting through the precise grinding, 
polishing and testing to the final installa- 
tion at Mount Palomar. 


Reported by G. S. Peterson 


COASTAL GEORGIA CHEMI- 
CAL ENGINEERS CLUB 


At the Nov. 17, 1950, meeting held at 
the DeSoto Hotel in Savannah, fifty- 
nine persons heard C. E. Tyler, chief 


chemist of the Brunswick plant, Her- | 
cules Powder Co., give a talk on “Rosin, | 


Chemistry and Sources.” 


A meeting was scheduled for Feb. 9, | 
1951, in Brunswick, Ga. The speaker, 


C. A. Higgins, president of Hercules 
Powder Co., chose as his subject “The 
Chemical Engineer and the War Emer- 
gency.” 

Reported by E. O. Barnes 
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portrayed the | 


An iron film left on the 
surface as the result of a 
machining or other manu- 
facturing operation will tend 
to rust in the presence of 
moisture. 


Microscopic scale particles 
left on the surface after 
pickling may become visible 
as “rust” under suitable 
conditions. 


Pickling solution oozing 
from minute pores in the 
metal may stain the surface 
and oxidize to a brown rust 
color due to the iron which 
it contains. 


The accumulation of the nat- 
ural corrosion products of 
the alloy in corrosive service 
on a rough surface may 
cause a brown stain due to 
oxidation. 
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5. Discoloration may be caused 
by the accumulation of any 
extraneous processing mate- 
rial which is of such a nature 
as to cause a “rusty” appear- 
ance on a rough surface. 


Articles that are to have a truly 
“stainless” appearance should 
have all scale completely removed 
by suitable cleaning methods, 
should be passivated after ma- 
chining operations in warm dilute 
nitric acid, should be free from 
porosity, and should have a rea- 
sonably smooth surface. 


A smooth or polished surface will 
always stay cleaner and brighter, 
and be more resistant under 
mildly corrosive conditions than 
a rough surface and this tendency 
increases with the degree of pol- 
ish. Although it is true that stain- 
less steel is at its best when highly 
polished, it should be remembered 
that under strongly corrosive con- 
ditions this polish is soon re- 
moved. For most applications, it 
is the inherent resistance of the 
alloy that counts and “rust” con- 
ditions such as those described 
are relatively harmless. They are 
the results of surface contamina- 
tion and in no way reflect the 
composition of the alloy or the ef- 
fectiveness of the heat treatment. 


Available on Request 


Detailed technical chart giving 
comparative designations, an- 


alyses, 
OOPER 
LLOY 


properties 

and appli- 

cations of 
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HIGH VACUUM PUMPS 
REQUIRE CLEAN OIL 


VACUUM PUMP USERS 


INSTALL HILCO 


OIL RECLAIMER SYSTEMS 
TO KEEP LUBRICATING 
AND SEALING OILS FREE 
OF SOLIDS, 

UMS 


ano GASES 
tue HILCO 


OIL RECLAIMER 
is COMPLETELY 
AUTOMATIC 
FOR BETTER VACUUM AND REDUCED 
VACUUM PUMP MAINTENANCE 
COSTS INVESTIGATE THE 


HILCO OIL RECLAIMER 


— WRITE FOR FREE LITERATURE 

. A RECOMMENDATION WILL 
BE MADE . . NO OBLIGATION 
ON YOUR PART. 


THE HILLIARD CORP. 
144W. 4th ST, ELMIRA, N. Y. 


CANADA — UPTON BRADEEN- JAMES LTO 
990 BAY TORONTO-3464 PARK AVE MONTREAL 


| the new officers for 1951. 


BIND 


12 
COMPLETE 
ISSUES 


for 
$975 


Never thicker than its contents, this 
binder expands to hold 12 issues of 
Chemical Engineering Progress. 

No drilling, no punching, does not 
mar magazines. 

Available for all years, with Chemical 
Engineering Progress, volume number 
and year stamped in gold on the back- 
bone. Delivery 4 to 6 weeks. 

Enclose check or money order 
Use coupon below for order 


CHEMICAL ENGINEERING PROGRESS 
120 E. 41st St. 
New York 17, N. Y. 


enc’ 
@ $2.75 
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lose $ binder(s). 
each, for each or ‘the following 


| Tech., 
| Plant Operations Involving Liquid-Gas 


SOUTH TEXAS 

This section met Jan. 19 at the Pasa- 
dena plant of the Champion Paper and 
Fiber Co. for an imspection of their 
paper and pulp plant. At the meeting 
which followed approximately 65 mem- 
bers of the local section heard Messrs. 
R. L. Betts and J. H. Moyer of Cham- 
pion speak on the subject “Paper in the 


| Making.” 


Both speakers are graduates of the 
Pulp and Paper School of Syracuse 
University and have had industrial ex- 
perience in the technical aspects of paper 
manufacture. 

The December, 1950, meeting of this 
section featured an inspection trip 


| through the Houston plant of the Na- 


tional Biscuit Co. At the meeting which 
followed, Ralph R. Browning spoke on 
the topic, “A Catalyst of Industrial 
Progress.” Mr. Browning’s talk con- 


| cerned the patent system of the United 


States. 

Also at the December meeting an- 
nouncement was made of the selection of 
These officers 
are as follows: 

Chairman—W. 

santo Chemical Co. 

Chairman - Elect—C. L. 

Diamond Alkali Co 
Secretary—H. D. Foster, Du Pont Co. 
Treasurer—W. W. McLean, Carbide 

& Carbon 
Executive Committee—M. C. Hopkins, 

J. A. Lee, and W. T. Richard 

The section met Nov. 17, 1950, at 
the Houston plant of the A. O. Smith 
Corp. for an inspection of the manufac- 
turing processes on pressure vessels. 
propane and butane systems, and deep 
well pumps. At the meeting which fol 
lowed, Prof. J. H. Rushton, Il. Inst. of 
discussed, “Scale-up of Pilot 


Alexander, Mon- 


Dickinson, 


Interfaces.” 


Reported by Guy T. McBride, Jr., 
and Henry D. Foster 


OHIO VALLEY 

This section will have an inspection 
trip to Armco Steel Corp., Hamilton, 
Ohio, at 7:30 P.M., Feb. 21, 1951. 

A joint Chemical Engineering Sym- 
posium meeting was held Jan. 31, with 
the American Chemical Society at the 
Herman Schneider Foundation Building 
in Cincinnati. Jacob Cholak, associate 
professor of industrial health at the 
Kettering Laboratory, University of 
Cincinnati, gave a talk on “Instrumental 
Methods of Chemical Analysis” during 
the first hour. John G. Dobson of the 
Foxboro Co. gave a talk on “Instru- 


| mentation of Processing Equipment” 


during the second hour. The symposium 
was followed by a social hour sponsored 
by Emery Industries, Inc., with Mr. 
Alex Brown presiding. 


Reported by Robert HW’. Evans 
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PITTSBURGH 

“The Silicone Story”—the practical 
applications and possibilities of commer- 
cial silicone products—was described by 
James W. Raynolds, assistant manager 
of the chemical department, General 
Electric Co., to members of this section 
at the Jan. 3 dinner meeting held at the 
College Club. 

High- and low-temperature perfor- 
mance, “release” properties, inertness, 
and unusual surface properties are the 
outstanding attributes of the silicone 
family—available as liquids, semi-solids, 
grease-like compounds, rubbery solids 
and resins. Large- and small-volume 
commercial applications were demon- 
strated by the speaker, who had on hand 
exhibits and special products. 

Reported by Hugh L. Kellner 


CHEMICAL ENGINEERS 
CLUB OF WASHINGTON 

A public symposium on man’s battle 
against natural pests was the feature of 
the Nov. 13, 1950, meeting of this club. 
This was the first meeting of the club 
after its recognition as a local section 
of A.I.Ch.E. 

The meeting was attended by about 
150 people. Dr. Sievert A. Rohwer, of 
the Department of Agriculture, was 
moderator. Dr. S. S. Sharp, entomolo- 
gist of the Du Pont Co., described ad- 
vances in new insecticides. Dr. P. D. 
Peterson, of the Stauffer Chemical Co., 
discussed recent advances in fungicides, 
and W. W. Allen, Dow Chemical Co., 
covered new developments in herbicides 

Reported by D. P. Herron 


PHILADELPHIA- 
WILMINGTON 

The third meeting of the 1950-51 sea- 
son was held at the Clubhouse Hotel, 
Chester, Pa., Jan. 9. The speaker of the 
evening was Thomas Kennedy, assistant 
to the president of Atlas Powder Co. 
He emphasized in his talk the impor- 
tance of and the need for continued ex- 
pansion of the use of scientific methods 
in problems dealing with industrial rela- 
tions. 

The dinner was attended by 83 mem- 
bers and guests, and approximately 130 
were present for the meeting that fol- 
lowed. 

Reported by William E. Osborn 


BATON RCUGE 
Officers elected for 1951 are as fol- 
lows: 


Executive Commitiee..D. F. Edwards, 
J. B. Smith, III, 
and A. G. Kelle 


Reported ~ J. C. Fedoruk 


February, 1951 


4 
| 
| 
| 
| 
| 
| 
WATER 
| 
— 
Treasurer. .R. H. Bretz 
a. 


CHICAGO 


This section met Jan. 17 in the 
Western Society of Engineers’ suite 
with about 110 present for the business 
and technical session. 

Guy Reed, known as chairman of 
the Chicago Crime Commission, talked 
on “Wartime Economy.” His remarks 
were cogent and informative, and 
ranged freely over matters of world 
economy and politics. 

On Jan. 8, K. M. Watson made the 
opening address, “Catalytic Reactor 
Design,” before the newly formed 
Catalysis Club of Chicago. 


Reported by Thorpe Dresser 


TULSA 


Officers for 1951 are as follows: 


Chairman—E. C. Carlson, Tulsa 

Vice-Chairman—Al Morrey, Sand 
Springs 

Sec'y-Treasurer—H. S. Wood, Tulsa 


At the December meeting of this | 
section Harold Wood talked on “Chi- “ 
cago Industrial Area” and Carl Minden 

on “Radar Applications.” At the last- m2 

mentioned 16 were present. At the No- 

vember meeting 21 were present to hear H Ow $ H E LL protects 
Remington Rogers talk on “The Trend 

of Federal Control in Industry.” 


corn from contamination 


The Shell Chemical Corporation is manufacturing glycerine by a 
ST. LOUIS synthetic process at its plant in Houston, Texas. There were two 
‘ , . problems associated with the intermediate storage of the product. First, 
i This sey held a highly successful it was essential that the glycerine not be contaminated by metallic cor- 
Old Timers’ Night” Jan. 16 at the rosion during storage. Second, the temperature of the glycerine had to 
Missouri Athletic Club. L. E. Stout, be maintained. 
dun af ne Washingwe Uni- Shell solved the first problem by having us fabricate the tanks out 
versity, called attention to the fact that 
. , : of nickel-clad steel. The second problem was solved by insulating the 
much of the chemical engineering de- be with , 
close cooperation between the Univer- The two tanks, which are buiit in our Birmingham plant, are of 
sity and St. Louis industry which has butt-welded construction. They are smooth, easy to insulate and have no 
resulted in benefits to both. rough edges where corrosion can start. 

Carrol! A. Hochwalt, vice-president Nickel is only one of several corrosion-resistant alloys that we know 
of Monsanto Chemical Co., spoke to the how to handle. We also fabricate and erect structures made from: 
gathering about “Synthetic Fibers.” He e CLAD STEELS—Chrome-nickel or straight chrome 
quoted some significant figures showing 
how synthetic fibers are supplying a 
larger portion of ~a total ——. e LININGS — Chrome-nickel, straight chrome or ELC 
mand. Reasons for the advance of syn- (extra low carbon) stainless steel, monel or everdur. 
thetic fibers are several, he claimed. e SOLID CORROSION-RESISTANT METALS— 
Properties of these fibers can be more Chrome nickel or straight chrome or ELC stainless steel, 
closely controlled and many of the de- monel, aluminum or everdur. 


fects of — a be or We also can supply storage tanks and other equipment made of plain 
Dr. Hochwa ' oe iscussed t a carbon steel. Write our nearest office for estimates or quotations. 
duction, properties and uses of synthetic 


fibers. Samples of cioth made from 


§$CHICAGO BRIDGE & IRON COMPANY 


audience. 

The attendance at the dinner which 2131 Bldg. Les A 1849 Side. 
preceded the talk numbered 136 and 54 1 1540 North Fiftieth St. + ‘ 
came in later to hear the lecture. 

At the Dec. 19, 1950, meeting held at 
the York Hotel, R. F. Davis, of the 


Universal Oil Products Co., discussed, Plants at BIRMINGHAM, CHICAGO, SALT LAKE CITY, ond GREENVILLE, PA. 


Vol. 47, No. 2 Chemical Engineering Progress 


in 
Reported by Clifton Frye 
: Page 51 


TECHNICAL 
MOLYBDENUM 
TRIOXIDE 


The lowest cost raw ma- 
terial for the production 
of all Molybdenum 
compounds, including 
Molybdenum Orange, 
Molybdenum Vermilion, 
and Molybdated pigment 


colors. 


Our development department 
will gladly take up with you any 
problems involving the applica- 
tion of Molybdenum. 


LOCAL SECTION NEWS 


“The Engineer in the Oil Industry.” 
He ‘gave a complete sketch of the pe- 
troleum industry from oil well to the 
gasoline engine concluding with an 
imaginary trip through a refinery for a 
look at primary fractionation, crack- 
ing, and catalytic cracking processes. 


Reported by A. T. Pickens 


DETROIT JUNIOR GROUP 


This group held its regular monthly 
meeting Jan. 8, 1951, in the Junior Room 
of Rackham Memorial. 

Julian E. Oyaas, research microbiolo- 
gist in the research department of 
Parke, Davis and Co., presented a talk 
entitled, “Microorganisms—The Orig- 
inal Chemical Engineers.” 


Reported by W. W. Jones 


TERRE HAUTE CHEMICAL 
ENGINEERS CLUB 


This club was addressed Jan. 16, 1951, 
by R. K. Horton, engineer, Ohio River 
Valley Sanitation Commission who 
spoke on “Pollution Abatement in the 
Wabash Valley.” Mr. Horton described 
the activities of the Commission, and 
presented the results of a recent survey 
of the Wabash River from Terre Haute 
to Mt. Carmel, Ind.; he discussed the 
pollution load measurements and the 
recommendations made for the amount 
ot treatment required to return the 
Wabash River to an unpolluted state. 

On Nov. 7, 1950, this newly formed 
club of Terre Haute, Ind., was addressed 
by W. T. Nichols, director of general 
engineering, Monsanto Chemical Co., 
and a Director of A.I.Ch.E., on the sub- 
ject “The Work of the Institute.” In 
his address Mr. Nichols presented the 
club with an insight into the work and 
purpose of the Institute and made 
recommendations for maintaining an 
active and stimulating local organiza- 
tion. 

A meeting was scheduled for Feb. 8, 
in the Seminar Room, Commercial 
Solvents Corp., Terre Haute. Guest 
speaker D. P. Barnard, research co- 
ordinator, Standard Oil Co., has the 
subject “The Principal Fuel Problems.” 

Membership in the club totals 81. Ap- 
proximately 50 members attended each 
of the last two meetings. 


Reported by E. J. Massaglia 


TWIN CITY 


This Twin City section held a dinner 
meeting at Freddie’s Cafe in Minneapo- 
lis Jan. 18. After the business meeting 
a panel discussion was held on “Use of 
Punch Cards for Technical Informa- 
tion.” The panel consisted of : 


Chemical Engineering Progress 


Margaret Hilligan, General Mills 

Esther Aune, Minneapolis, Honeywell 

Dr. Kar! Heumann, Minneapolis Min- 
ing & Manuiacturing 

Officers elected for the.new year are: 

Chairman: Fred Wehmer, Minnesota 
Mining & Manufacturing Co. 
"ice-Chairman: J. Calva, J. B. 
Calva & Co, 

Secretary-Treasurer: Russell H. Fred- 
rickson, Minnesota Mining & Manu- 
facturing Co. 

Executive Committee: Walter E. Carl- 
son, General Mills; Robert J. Foster, 
General Mills; Donald R. Guthrie, 
Minnesota Mining & Manufacturing 
Co.; Ralph E. Montonna, University 
of Minnesota 


Reported by IW. M. Podas 


NEW YORK 


This section met Jan. 30 at the Brass 
Rail Restaurant at noon to hear G. C. 
Thrift, eastern representative of Koch 
Engineering Co., Inc., of Wichita, Kan., 
talk on “Kaskade Trays” in their rela- 
tion to conventional bubble trays. He 
presented data showing operating char- 
acteristics of several-type installations 
for absorption, fractionation, and liquid- 
liquid extraction. His talk was illus- 
trated with numerous slides showing 
both construction features and operating 
characteristics. 

Skip Thrift, as he is popularly known, 
is a Texas A. and M. graduate and has 
spent 20 years of his professional life 
with one of the major oil companies in 
engineering design, construction and 
operation of refineries in the United 
States and Europe. 

Reported by L. C. Johnston 


LOCAL SECTION CALENDAR 
CHARLESTON SECTION: Feb. 27, 


Charleston Recreation Center. 
Speaker, RICHARD LUNN, Battelle 
Institute. Subject—“Coal Economics.” 


MARYLAND SECTION: Mar. 13, Lever- 
ing Hall, Johns Hopkins University. 
Speaker, H. M. SCHMITT, Minne- 
apolis- Honeywell Co. Subject — 
“General Use of Instruments and 
Controls For the Basic Unit Processes 
and Operations.” 


NEW JERSEY SECTION: Mar. 6, Tark 
Hotel,, Plainfield. Speaker, R. H. 
WILHELM, Princeton University. 


NEW YORK SECTION: Feb. 20, 
Speaker, H. F. JONES, DuPont Co. 
Subject—"Sales and Purchasing.” 


SAINT LOUIS SECTION: Feb. 20, York 
Hotel. Speaker, R. L. GEDDES, Stone 
& Webster Engineering Corp. Sub- 
ject—"Capacity and Efficiency of 
Fractionators.” 

SOUTHERN CALIFORNIA SECTION: 
Mar. 20. Speaker, EDWARD 
GLASER, Rohrer Hibler & Replogle. 
Subject—"Management Guidance.” 
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TIME AND NUMBERS 
Do you need a permanent record 


your work? Streeter-Amet has the 
instrument which will accurately 
and speedily record either numbers 
or time or both at the same time 
on paper tape for easy readability. 


The counter operates by any 
means capable of supplying a 
switch closure or an electrical im- 
pulse. Counts may be indexed by 
time or number printed alongside 
the count. 


For high speed counting of a pre- 
determined number of articles, 
Streeter-Amet Predetermined Count- 
ers automatically count then shut 
off or control associated machinery 
when the predetermined number is 
reached. An outstanding timesaver 
when packing a given number of 
articles in a carton, measuring 
lengths of wire or sheets in a 
bundle. 


Tell us your specific counting 
problem. We know we can help you 
economically. 


Write for illus- 
trated circular 
SC-27. 


SCALES WEIGHT RECORDERS 


STREETER - AMET COMPANY 


410) N RAVENSWOOD AVE CHICAGO!) 


@ POCKET SIZE TECHNICAL 
DATA BOOKS ‘] EACH 


Printed on loose leaf, six hole, 6%” x 
3%” bond paper, each book contains 
about 140 pages of technical data, pre- 
senting condensed, accurate and essen- 
tial data for the student, engineer, tech- 
nical worker and business man. 


Hydraulics 
Surveying 

Mech. Drawing 
Machine Design 
Machinists’ Data 
Piping Data 
Surveying Tables 
Trig-Log Tabies 
Metallurgy 


Tumination 
Electrician's Data 
Builder's Data 
Lumber Data 
Air Conditioning 
General Math. 
Math. Tables 
Physics 
Chemical Tables 
Metals 
Gen'l. Chemistry 
Reinforced 
Concrete 
Building 
Construction 
Radio 
Television & FM 
Electricity, AC 
Electricity, DC 
AC Motors and 
Generators 
Transformers, 
Relays, Meters 


Write for FREE Catalogs (over 2000 lis 
ings). See for yourself how helpful LEFAX 
can be to you. Send $1 for each 

$5 for any six books fisted above, te: 


LEFAX Dept.CP6 Philadelphia’7, Pa. 


Engineering 
Mechanics of 

Materials 
Power Trans. 

Mach'y. 
Thermodynamic 


Org. 


| tive vice-president of the Hooker Elec- 


| was recently elected president by 


| 
| 


PEOPLE 


R. LINDLEY MURRAY 
PRESIDENT OF HOOKER 


R. Lindley Murray, formerly execu- 


trochemical Co., Niagara Falls, N. Y., 
the 
board of directors. He is at present a 
Director of the American Institute of 
Chemical Engineers, having been elected 
to that position in 1949 for a three-year 
period. 


Mr. Murray has been associated with 


1916. He has 

been a director since 1937 and is also | 
a vice-president and director of Hooker | 
Detrex. | 


| 
| 


the Hooker concern since 


R. L. MURRAY 


Mr. Murray is a member of many 
technical societies including the Amer- 
ican Chemical Society, Society of Chem- | 
ical Industry, Electrochemical Society 
and is a member of the Panel of Ar- 
biters of the American Arbitration So- 
ciety. He won the Schoellkopf medal 


for 1949. 


Frederick E. Herstein has been ap- 


| pointed sales representative in northern 


| director, Stein Hall & Co., 


New 
State 
Mr. 


technic 


Jersey and parts of New York 
for the Products, Inc 
Herstein graduated from the Poly- 
Institute of Brooklyn in chem- 
ical engineering in 1936 and has been 
active in the corrosion resistant chemical | 
equipment field continuously since that 
time serving several Eastern concerns in | 
development, production and design ca- 
pacities. 


Glascote 


J. Rex Adams jormerly technical 
New York, 
N. Y., will be employed after March 1 
by Old Colony Envelope Co., Westfield, 


Mass. 


D. D. Margules, formerly resident 
engineer, The Lummus Co., Ltd., Lon- 
don, England, is now located at the 
company’s offices in New York. 
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A complete line of nat- 
vrel ond mechonicol 
draft cooling towers 


Reduce your cooling 
water bills to zero 


Binks cooling towers are engineered to give 
you maximum heat transfer at minimum cost. 
Water consumption is low...You recirculate 
the same water. These towers are equipped 
with the highly efficient Rotojet nozzle. 

Binks notural draft cooling towers are 
built in many sizes, capacities from 2.4 to 
480 tons of refrigeration...12 to 1440 GPM. 

Binks hanical draft ling towers, 
ideal for indoor or outdoor locations where 
air movement is limited, are made in models 
with capacities from 1 to 1000 tons of retriq- ; 
eration ...3 to 3000 GPM. 

Binks towers are widely used for low-cost 
cooling in manufacturing, chemical and food F 
processing, or anywhere heat is dissipated” 
by circulating fluids. Excellent for cooling? 
condenser circulating water from refrigera- 


tion and air conditioning compressors...for 
cool'ng water-jacketed apparatus and en- 
gines. 

Send today for Binks handy 

reference catalog of 

cooling towers ond 

spray nozzles. 


There's @ Binks tower for every cooling job. 
MANUFACTURI 
COMPARY 
3114-32 CARROLL AVE., CHICAGO 12, ILLINOIS 
REPRESENTATIVES IN ALL PRINCIPAL CITIES 


| Binks advanced design 
| 
| 
fi | | 
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HIGH PRESSURE 
PUMPS 


UP TO 30,000 PSI 


30 YEARS’ EXPERIENCE 


@ HYDRAULIC PUMPS—Hand - oper- 
ated and motor driven up to 30,000 
psi. 


@ HYDRAULIC PRESSURE INTENSI- 
FIERS—Up to 100,000 psi. 


@ GAS COMPRESSORS—Up to 15,000 
psi. 


@ GAS BOOSTER PUMPS—Hand-oper 
ated and motor driven; up to 15,000 
psi. 


@ HYDRAULIC PRESSURE GENERA- 
TORS—Up to 30,000 psi. 


@ GAS CIRCULATORS—Up to 6,000 
psi. 


your disposol for the 
specific high-pressure 


Write for Catalog 406-E 


AMERICAN INSTRUMENT CO. 


Silver Spring, Maryland 


ary 


Jerome Alexander, consulting chem- 
ist and chemical engineer, New York, 
N. Y., was made 
an honorary mem- 
ber of the Ameri- 
can Institute of 
Chemists at the 
Jan. 25, 1951, meet- 
ing of the New 
York Chapter held 
at the Hotel Com- 
modore. 

Dr. Alexander is 
internation- 
ally known as an expositor of colloid 
chemistry. He has edited and written 
many volumes and articles, some of 
which have become standard textbooks 
and reference works. Besides being a 
member of many scientific and honor- 
societies, he was awarded the 
Townsend Harris Medal and was deco- 
rated by the French Government as 
Chevalier of the Legion of Honor and 

as Officer of Public Instruction. 

From 1917 to 1919 he was chairman 
of the National Research Council's sub- 
committee on glue and other colloids. 
He is a licensed professional engineer 
in the State of New York. For 25 years 
he was treasurer and chief chemist of 
several associated manufacturing com- 
panies. His book, “Life—Its Nature and 
Origin,” (1948) was a development of 
his Master’s thesis written 50 years 
earlier. He is a charter member of 
A.L.Ch.E. 


PAINE A FELLOW OF N. Y. 
ACADEMY OF SCIENCES 


Harold W. Paine, assistant to the 
general laboratory director of Du Pont 
Co.'s polychemicals department, has 
been elected to fellowship in the New 
York Academy of Sciences. 

In 1941, Mr. Paine was made a Fel- 
low of the American Association for 
the Advancement of Science. He was 


| graduated from Brown University in 


1907 with a Ph.B. degree and from the 
Massachusetts Institute of Technology 
two years later with a B.S. degree in 
chemical engineering. He was director 


| of Du Pont’s plastics research labora- 


tories at Arlington, N. J., for 12 years 
and took his present position when this 
activity was shifted to the Experimental 
Station at Wilmington following the 
formation of the polychemicals depart- 
ment. 


John L. Davenport, executive vice- 
president of the Charles Pfizer & Co.. 
Inc., is serving as chairman of the 
chemicals division of the Brooklyn Red 
Cross 1951 Fund Drive. Mr. Davenport 
is one of approximately 50 Brooklyn, 
New York, businessmen taking an active 
role in the Red Cross Campaign which 
gets under way March 1. 
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M. C. WHITAKER HONORED 


Milton C. Whitaker, who founded 
Columbia University’s department of 
chemical engineering and was at one time 
its head, received that university's 
Chandler Medal for 1950 in recognition 
of his achievements in the chemical in- 
dustry. The award was made Jan. 16. 
The Chandler medals and lectures were 
established in 1910 the year that Dr. 
Whitaker became professor of chemical 
engineering. 

Dr. Whitaker who received his educa- 
tion at the University of Colorado and 
the University of Pittsburgh, became ar 
instructor in applied chemistry at the 
University of Colorado and later went 
to Columbia in a similar capacity. Later 
he organized the department of chemical 
engineering. He resigned from Colum- 
bia in 1916 and served as vice-president 
of U. S. Industrial Alcohol Co. in charge 
of en and production until 1927, 
and was simultaneously president of 
U. S. Chemical Co., a subsidiary. In 
1930 he joined American Cyanamid Co., 
as vice-president and director and served 
in this double capacity until his retire 
ment in 1947. 

Last year Dr. Whitaker, now 80 years 
old, received the Columbia University 
Medal for Excellence. 


Monte C. Throdahl, who has served 
for the past two years in a liaison ca- 
pacity for the Monsanto Chemical Co., 
betwen Nitro ¢W.Va.) research and 
the rubber service department sales 
office at Akron, Ohio, has been appointed 
assistant director of research. Mr. 
Throdahl joined Monsanto at Nitro in 
1941 as a control chemist in the research 
department. He had received his B.S 
in chemical engineering from Iowa 
State College. In 1946 he became a re 
search group leader and in May, 1950, 
was made research supervisor for rub- 
ber chemicals. 


John L. Galt has been appointed 
manufacturing engineer of the General 
Electric chemical department’s chemi- 
cals division phenolic products plant. In 
this capacity, Mr. Galt has responsibility 
for the supervision of process engineer- 
ing, plant engineering, and quality con- 
trol in the manufacture of magnesium 
oxide, resins, varnishes, and molding 
compounds in Pittsfield and varnishes 
at the Coshocton (Ohio) plant. Having 
started with the General Electric Co. in 
1947, Mr. Galt has been a process de- 
velopment engineer for the past three 
years. 


C. M. Dennis recently teft the Swen 
son Evaporator Co., Harvey, Il. and is 
now located at 420 Lexington Ave.. 
New York, N. Y., as a consulting engi- 
neer in care of Singmaster and Breyer 


February, 1951 


= 
Backed by 
: 
ae 
| 
| 
Produclt | 
REACTION VESSELS 
INSTRUMENTS 
VALVES | 
rot 
As pioneers—and still leaders—in the 
superpressure field, Aminco has an un- 
a matched fund of experience which is at | 4 
| | 
| 
Bale 


TAYLOR IN FACULTY 
CHANGE AT PRINCETON 


Hugh Stott Taylor, who has asked to 
be relieved of the chairmanship of the 
department of chemistry of Princeton 
(N. J.) University, a position he has 
held for 25 years, will continue as 
dean of the Princeton Graduate School. 
This relinquishment was occasioned by 
the increasing duties at the Graduate 
School intensified by the defense pro- 
gram. He will devote much of his time 
to the development of the program in 
chemical kinetics at the new James 
Forrestal Research Center which the 
university is establishing on an 800-acre 
tract recently acquired from the Rocke- 
teller Institute for Medical Research. 
Dean Taylor was recently elected presi- 
dent of the Society of Sigma Xi, a na- 
tional organization to encourage scien- 
tific research. 


Joseph J. Moder, Jr., associate pro- 
fessor of industrial engineering at 
Georgia Tech, has been appointed fac- 
ulty research associate professor of the 
Georgia Tech Engineering Experiment 
Station. Dr. Moder is teaching statisti- 
cal quality control courses in the 
Georgia Tech school of industrial engi- 
neering and also making an industrial 
engineering survey of the peanut-shell- 
ing plants in Georgia for the Georgia 
Tech Engineering Experiment Station. 

A 1947 Washington University grad- 


uate in chemical engineering, Dr. Moder | 
received his doctorate in chemical engi- | 


neering from Northwestern University. 
During the war he participated in the 
Navy's electronics technician prograya 
and served as an electronics techniciai 
3/c in the Atlantic theater. In the sum- 
mer of 1947, Dr. Moder was employed 
as research chemical engineer by the 
Petrolite Co., Kilgore, Tex., where he 
worked on the air-oxidation of petrol- 
eum waxes. 


Wesley T. Dorsheimer, sales engi- 
neer, has been transferred from the 
home office staff of the Foxboro Co., 
Foxboro, Mass., to the New York office, 
at 420 Lexington Avenue. Mr. Dor- 
sheimer, a chemical engineer and grad- 
uate of Carnegie Tech., served in the 


Navy as an engineering officer during 
World War II. Prior to that he was | 


with the Standard Oil Co. of New 
Jersey, and following the close of the 
war he was a sales engineer on the New 
York staff of C. F. Braun & Co. For 
the past two years he has been at Fox- 
boro, as assistant manager of sales in 
the chemical industry division 


A. Garrett Hill is now technical di- 
rector, chemicals department, American 
Cyanamid Co., Bound Brook, N. J. 


(More About People on page 58) 
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Nicholson Makes 


Freeze-Proof Steam Traps 
A for Every Plant Use 


Because they drain completely when cold, these four types of Nichol- 
son steam traps are positively freeze-proof. Can be freely installed 
outdoors. Universally recommended for use 

in lines which need not be in continuous 

use during cold weather, because they are 

freeze-proof and because their 2 to 6 

times average drainage capacity results in 

minimum heat-up time. The 


non-air-binding feature of 
Nicholson traps 
also notably fa- >. 
cilitates steam 
TYPE A 


transfer in severe 
weather. Four types: size 
TYPE AHV ‘ 4" to 2"; press. 

to 225 Ibs. BUL- 


am LETIN 450. 


HIGH-PRESSURE FLOATS—Stainless, monel, steel 
or plated steel. Welded. In all sizes and shapes; for 
operating mechanisms and as tanks or vessels. 2-dey 
delivery. BULLETIN 650. 


‘ma H. NICHOLSON & CO., 214 Oregon St., Wilkes-Barre, Pa. o 


install the New 
HYDRYER’... 


. for Dependable Dehydration 
of Air and other Gases 

Unexce'led for efficiency in drying 

air for instrument and process controls. 

Pritchard HY DRYERS are standard pack- 

ed units designed to reduce dew points 

air and other gases to minus 

(—) 40° F. —- service connections are 

uired. Specially designed HYDRYER* 

units can be built to your requirements. 

Write for FREE Bulletin No. 16.0.080 sKewstered Trade Name 

DIVISION 


QUALITY. Dept. Ne. 120 908 Grand Ave., Kansas City 6, Mo. 


Di strict Offices : 
— - ST. LOUIS + CHICAGO + PITTSBURGH + TULSA « NEW YORK 
Other Representatives in Principal Citses from Coast te Coast. 
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CLASSIFIED SECTION 


Advertisements in the Classified Section of Chemical Engineering Progress are payable in 
| advance, and are placed at I5¢ a word, with a minimum of four lines accepted. Box number 

counts as two words. Advertisements average about six words a line. Members of the 

American Institute of Chemical Engineers in good standing are allowed one six-line insertion 
| free of charge per year. More than one insertion to members will be made at half rates. In 
using the Classified Section of Chemical Engineering Progress it is agreed by prospective 
employers and employees that all communications will be acknowledged, and the service is 
made available on that condition. Boxed advertisements one-inch deep are available at $15 
an insertion. Size of type may be specified by advertiser. In answering advertisements all 
box numbers should be addressed care of Chemical Engineering Progress, Classified Section, 
120 East 41st Street, New York 17, N. Y. Telephone ORegon 9-1560. Advertisements for this 
section should be in the editorial offices the 20th of the month preceding the issue in which 
it is to appear. 


THE NEW 
DRAVER “Micr -Master” Chemical Engineers——to do process research, 
¢ SITUATIONS OPEN must be graduate of recognized engineer- 
CHEMICAL FEEDER oni 23 to 40 youre old. industry, 
Give full information with salary expected 


in first, letter. Address all correspondence 
to P.O. Box 3269, Tampa |, Florida 


Chemical Process 


scale organic chemical work has open- 
ing for outstanding engineer. Prefer 
Qualified co pespane engineering studies man of high scholastic rating and 
and detailed process designs for pe- advanced training from an accredited 
troleum and chemical fluid process | school, plus some process design or 
lants. Salaried position; location in project engineering experience Em- 
oston. In reply please state educa- loyees notified of this advertisement. 
tion qualifications, work experience, | ox 2-2. 
| and salary desired. Present employers | 
will not be contacted 
Get extreme accuracy and more rigid interview. Stone & Webster Engineer- 
control in your feeding operations! | ing Corporation, 49 Federal St., Beoten 
7, Mass. | 
Install the modern DRAVER “Micro- 
Master” Chemical Feeder. You'll en- ——— nee SITUATIONS WANTED 
joy all the superior advantages of 


Draver Feeders PLUS the new in- A.1.Ch.E. Members 
finitely variable speed drive with costae 
micrometer type control. This equip- CHEMICAL ENGINEER 


Chemical Engineer—-MS. Columbia, 1949. 


ment permits instant regulation of Experienced Veteran, 24, single. Would like teaching 


4 - position, but not interested in Ph.D. 
feeding capacity in minute quantities years’ industrial experience; some teach- 


up to 17 cubic feet per hour, of dry, Position of responsibility for produc- ing. Excellent scholastic record, Tau 


. | tion supervision in large and well- - 
powdered or granular materials. Other comma. Bote Phi Lambda Upsilon, Sigmi Xi. 


models available with capacities rang- | rience should be in, or Sa A 
facture of re-agent an ne —M.Ch.E. BPA 

ing up to 1000 cu. ft. per hour. To- Chemica gineer PA. 

day . .. write for a full description. right man. Location at start, metro- years’ experience in process development, 


resins, coatings, chemical specialties, 
No obligation. Reply — spray drying. Sigma Xi and Tau Beta Pi. 


Business administration background. Pre- 
complete details of training, expe- fer northern New Jersey-New York area. 
rience, personal data and salary re- Box 4-2. 
quirements. Write Box CP 1353, 221 


W. 41 St.. NYC. Chemical Engineer—Desire to trade 31% 
years of diversified experience in pescnech 
and development, pilot plant design and 
operation, for challenging position with 
Head of Classifying and Filing Section in progressive company. Box 
Technical Information Division of Research 
Laboratory.—Position will require ability, Chemical Engineer——Ph.D Nineteen years 
training, and preferably experience in teaching experience want summer employ- 
: - hemistry, plus ment (preferably industrial) or change in 
chemical engineering permanent employment. Available June 
training or experience in technical filing. 1S or em term's netics. Bean 62. 
Work will involve planning and super- 
visory aspects and coordination of depart- Chemical Engineer—B.S.Ch.E.. 26, single. Jr. 
mental filing systems and files. Give expe- Member A.LCh.E and A IMME 3% 
rience, education, and salary desired. years in natural gas production, transmis- 
Ethy! Corporation, 1600 W. 6 Mile Rd.. sion and measurement. Desire responsible 
Ferndale 20, Detroit, Michigan. position with progressive oil or chemical 
company. Box 7-2 


TEAR OUT..PASTE ON LETTER- 
HEAD AND MAIL TODAY! 


B. F. Gump 1311 S. Cicere Ave., Chicage 58 

Gentlemen: Please send me descriptive 

literoture and complete information on the 

GUMP-Built Equipment indicated below. 
BAR-NUN ROTARY SIFTERS for grad- 
ing, scalping or sifting dry materials. 

| DRAVER F S for » de- 
pendable volume percentage feeding. 
DRAVER MASTER Continuous Mixing 
Systems for eccurate, efficient, uni- 
form mixing. 

| VIBROX PACKERS fer packing down 
dry materials in begs, drums, barrels. 
AUTOMATIC NET WEIGHERS for oc- 
curately weighing from 3 ox. to 75 Ibs. 


oF pr 9. 


Asphalt Specialist—Research. development, 
manufacturing. Over twenty years’ special- 
ized experience in paving. roofing, saue 

NG! road oils, additives. Seek responsible po- 

CHEMICAL E INEER sition in development or manufacturing. 


Box 8-2. 


Large Western New York synthetic 
organic chemical plant, noted for its 
high-quality manufacturing standards. 
has attractive permanent position for 
chemical engineer with 2 to 3 years 


Lubricants—Long experience in manufactur- 
ing, research and development. Seek re- 
sponsible position where technical skill 
- lant i- and creative ability can be fully utilized— 
industrial gee either refinery operations or industrial 
um oO neering projects sore oy ing lubrication including additive syntheses. 

% “ le salary, with periodic review of per- Box 9-2. 


formance for salary increases. Ex- 


| 


cellent working conditions, cafeteria. Chemical En Technical 

Engineers and Manstacterers Since 1872 pension plan, group life. B.S Ch E.. Eight years’ experience in 

and accident insurance apy rocess and sales engineering Draft 

1311 SQUTH CICERO AVENUE Rik of Per- Desire to handle branch office 
ions, Box 1-2. < 

CHICAGO 50, ILLINOIS sonnel! Rela equipment manufacturer. Box 
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Chemica] Engineer—B “41, even. eng. col- 
lege N.Y.U. 37, 3 children. Active 
Member A.1L.Ch.E. P.E. State of Washing- 
tom. Eight years’ responsible charge ad- 
ministration design, construction start-up, 
operation of chemical processes in com- 
mercial alcohol, synthetic rubber and 
atomic energy fields. Resume on request. 
Desire relocation in engineering section of 
chemical firm. Box 11-2 


Process Engineer—B.S.Ch.E.. 1941. Veteran, 
30. 2% years’ process engineering; | year 
production supervision heavy chemical 
and metals. 
project engineer food. 
industrial wastes, etc 


Box 12-2 


1 year consulting 
Available imme- 
diately 


Chemical Engineer—B.S.. 1942. Six years’ 
experience, alcohol and viscose rayon. Pro- 
duction, engineering, research an de- 
velopment Seeking challenging position, 
with future, requiring ingenuity and drive. 
Eastern U. S. Veteran, age 30, married. 
Box 13.2 


Admini 


Fourteen years" 
a ction and development in organics. 

one company. Extensive experience 
with union labor. Practical experience in 
unit operations. Age 34. Present salary 
$9000. Box 14-2 


SECRETARY'S REPORT 


(Continued from page 45) 


Council met Jan. 12, 1951, at The 
Chemists’ Club. The minutes of the 
previous meeting were approved. 


Institute on the Committee on Unity in 


5 years process engineering; | 


| 


Bass who represents the | 


the Engineering Profession of Engi- | 


neers Joint Council presented a prepared 


report of this committee which contained | 


many recommendations as to possible 


plans for bringing about greater unity | 
in matters of common interest to all | 


engineers. Dr. Bass’ report was ac- 
cepted with thanks and it was voted 
that copies of the report be sent to all 
local sections by the president asking 
for their comments on the report at as 
early a date as possible. 

G. F. Jenkins, L. B. Smith and D. J. 
Porter, who have constituted a subcom- 
mittee of the Public Relations Commit- 
tee to study the question of whether a 
questionnaire should be sent to members 
of the Institute to obtain their opinions 
on several matters pertaining to Insti- 
tute policies and practices, presented a 
complete report and also copy of a 
typical questionnaire which might be 
used. The Council did not act finally on 
this matter but will have it for business 
at a later meeting. 

The appointment of representatives 
of the Institute with other groups for 
1951 was completed and will appear in 
the Supplement to the 1950 Year Book. 

The Council voted approval of the 


application for the authorization of the | 


El Dorado Local Section of the Insti- 
tute with headquarters at El Dorado, 


Ark. C. H. Davenport is chairman of | 


this Section. 
Stephen L. Tyler was appointed Ex- 
ecutive Secretary for the year 1951. 
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CHEMICAL ENGINEERS: Five to 
ten years’ experience in Chemi- 
cal Operations or Development. 
Work in Application of unit 
operations, evaluations and eco- 
nomic studies leading to cost 
reduction. Must be graduate, 
free to travel. 


PROCESS ENGINEERS: Must 
have at least eight years’ indus- 
trial plant design and expe- 
rience with at least three years 
in responsible charge of design 
work. Plant experience desir- 
able. Must have experience in 
chemical plant design calcula- 
tions, equipment design and 
plant arrangement, with know!l- 
edge of structural, power, in- 
strumentation design, etc. Must 
be graduate. 


ENGINEERS FOR UNIT OPER- 
ATIONS: Five years’ experience 
in the fields of Agitation, Drying 
or Grinding, Blending and 
Screening. Specialized knowl- 
edge of Heat Transfer, Fluid 
Flow and Mass transfer are de- 
sirable. Must be graduate. 
Consultation work. 


ENGINEERING MATERIALS EN- 
GINEER: Five to ten years’ ex- 
perience in Engineering work 
dealing with corrosion prob- 
lems, metallurgical investiga- 
tioas, selection and specification 
for rubber, ceramics and plastics 
for various uses, fabrication, 


expected. Please be 


Graduate Engineers 
GOOD OPPORTUNITIES 


for 


heat treatment, forming, lining. 
etc. Must have broad knowl- 
edge of Materials of Construc- 
tion and for Construction, their 
production, fabrication and in- 
stallation. Must be graduate. 
For consultation work. 


METALLURGICAL RESEARCH 
ENGINEERS: M.S. or Ph.D. in 
Metallurgical Engineering. Must 
have at least a few years re- 
search experience and be inter- 
ested in research and develop- 
ment in materials and construc- 
tion for the chemical industry. 


INSTRUMENTATION ENGI- 
NEERS: Five or more years of 
progressively difficult experience 
in Instrument Research Develop- 
ment or design. Must have broad 
and thorough knowledge of in- 
strument theory and application. 
Should have some knowledge 
of Chemical Equipment and its 
operation. Must be graduate. 


MATERIALS HANDLING ENGI- 
NEERS: Must have eight to 
twelve yeors’ broad and thor- 
ough experience with oper- 
ation, uses of all types of mate- 
rials handling equipment. Must 
be familiar with chemical equip- 
ment and its operation. Also 
interested in such engineers with 
specific experience in wide 
range of bulk materials hand- 
ling. Must be graduate. 


Give experience, education, age, references, 
personal history, salary received and salary 
complete and specific. 


All inquiries will be considered promptly and kept confidential 


E. |. du Pont de Nemours & Co. (Inc.) 


Engineering Department Personnel 
WILMINGTON 98, DELAWARE 
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Long-Life FILTER CLOTH 
Seals Easily, Without Rim 
Cutting on Filter Presses 


Dynel—FEON's newest chemical-resis- 
tant, synthetic filter fabric—is woven of 
spun staple Vinyon-N rather than 
continuous fil ts. its full-bodied, 
resilient texture seals easily without 
excessive rim pressure. Remarkably 
acid resistant, it is recommended for 
hot acids. Superior resistance to alka- 
lies, bacterial action, and variety of 
organic solvents. Easy to clean, rela- 
tively non-blinding. 


QUICK DELIVERY 


Expert seamstresses, at Filtration 
Fabrics, tailor the FEON cloth for a 
perfect fit on your filter—no matter 
what its size, type or make—vacuum or 
Pressure equipment. The cloth is in 
stock—prompt delivery is assured. 


Get started 
_ How 


rutearion FABRICS DIVISION 
Filtration Engineers, Inc. 

155 Oraton Street 

Newark 4, NJ. 


We'd like more facts on 
FEON dynel cloth for: 
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MURDOCK EXTENDS 
SERVICE TO MATHIESON 


Mathieson Chemical Corp. recently 
announced that Harold R. Murdock, a 
staff member of Robert & Co. Asso- 
ciates, has been appointed a qualified and 
responsible engineer, through whom all 
of Mathieson’s technical information is 
available to organizations interested in 
the application of sodium chlorite and 
chlorine dioxide to the bleaching of 
wood pulp, as well as the generation of 
chlorine dioxide from either sodium 
chlorate or sodium chlorite. 

Dr. Murdock, known throughout the 
pulp and paper trade, for many years 
was director of research for the pulp 
divisions of The Champion Paper & 
Fiber Co. In 1946 he joined General 
MacArthur's staff in Japan, with the 
responsibility of rehabilitating the Jap- 
anese pulp and paper industry. He re- 
in the fall of 1949 
and joined the Robert organization to 
supervise chemical process design, with 
special emphasis on pulp and paper. 


Herbert S. Isbin, fo:merly chemical 
engineer, Hanford Works, General 
Electric Co., Richland, Wash., recently 
accepted an assistant professorship in 
chemical engineering at the University 
of Minnesota. 


Russ Wood is associated as a chem- 
ical engineer with the engineering labo- 
ratory of Telechron, Inc., Ashland, 
Mass., a General Electric affiliate. In 
the past year he finished a 21-month 
training period with General Electric 
Co. 


Necrology 


S. L. HANDFORTH 


Stanley L. Handforth, departmental 
engineer of the explosives department 
of the Du Pont Co., died sud¢enly Jan. 
7. He was 54 years old. Early in his 
career he was associated with W. S. 
Fleischer & Co., Engineers, New York, 
and with Henry P. Adams & Co., Engi- 
neers, San Francisco, Calif. He joined 
Du Pont in 1927 as a chemical engineer 
in the Eastern Laboratory, Gibbstown, 
N. J., working on chemical engineering 
research and  developmert, later 
transferred to the engineering depart- 
ment in Wilmington, assigned to devel- 
opment and process design work. Sub- 
sequently he became design project 
manager and departmental engineer, 
explosives department, in 1947. During 
his career with Du Pont a number of 
patents were issued on his inventions in 
connection with nitric acid and ammon- 
ium nitrate. 
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Eliminates 
Snubbers- 


It Can't Plog - 


The Most Significant Pressure Gage 
Development in 50 Years. 
For the first trme, o successtul means of eliminating 
the effect of pulsation and shock on pressure gage 
mechanisms hos been developed which DOES NOT 
imtroduce an orifice or restriction in the pressure 
it Can't Plog 


FOR COMPLETE INFORMATION, 
WRITE FOR CATALOG C-50-C 


ACRAGAGE CO. 
“MILFORD, CONN. 


Corrosion Proof 
Construction Materials 


MINERAL PRODUCTS COMPANY 


MERTITOWN. PA HOUSTON TEXAS 


4 
| — RAGAGE 
| 
| 
| 
| 
| 
| 
| Cegvosion CEMENTS 
& complete tine of sulfur bese 
process, stock, textile, food indur- 
tries, etc. Write for bulletin 3-1. 
7 a Proot LININGS Bs 
| Corrosion linings besed on 
| PROTECTIVE COATINGS 
Time-tested coctings besed on 
vinyls, styrene, neoprene, soron, 
| phenolics, furfury! paly- 
mers, etc. Write tor bulletin 7-1. 
on Atlos’ yeors of 
| Chemical Conditions | 34 Weainut Street, Mertztown, Po. 
1 
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Here’s what you see inside a Hardinge Conical Ball Mill. This unretouched photo shows 
the discharge end of the mill. Notice that all the large balls are in the foreground, near the 
feed end of the mill (where they belong for most efficient grinding). Write for Bulletin 
17-B-40 for dry grinding; AH-389-40 for wet grinding. 


HAR 


COMPANY, INCORPORATED 


YORK, PENNSYLVANIA— 240 Arch St. Main Office and Works 


NEW YORK 17 @ SAN FRANCISCO II CHICAGO 6 HIBBING. MINN. TORONTO 
122 E. 42nd St. 24 California St. 205 W. Wacker Dr. 2016 First Ave. 200 Bay St. 


IS VACUUM 
THAT'S 99.99% PERFECT 


good enough for your process? 


Tus ee of vacuum is easily 
obtained with the Croll-Reynolds four or 
five-stage steam jet EVACTOR, with no 
moving parts. Each stage from a technical 
tandpoi is as simple as the valve that 
turns it on. Numerous four-stage units are 
maintaini industrial vacuum down to 0.2 
mm, and less, and many thousands of one, 
two and three stage units are maintaining 
vacuum for intermediate industrial require- 
ments on practically all types of processing 
equipment. 


the United States and in several foreign coun- 


engineering staff of many years experience has specialized on this type of 
a ey and is at your service. Why not write today, outlining your vacuum 
pr em 


(aR CROLL-REYNOLDS CO., INC. 


17 JOHN STREET, NEW YORK 38, Y. 


abies)  Chill-Vactors Steam Jet Evactors Condensing Equipment 
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- t 
Foster Wheeler Corp. ........... 13 
Pie: 
| 
q 
Ta By permitting water, aqueous solutions or any volatile liquid to evaporate - 
ie: under high vacuum and without heat from an outside source, enough BTU's can 
eae be removed to chill the a down to 32° F., or even lower in the case of solu- 
oi. tions. This is the principle of the Croll-Reynolds “Chill-Vactor.” Hundreds of 
these have been installed throughout 
tries 
| 
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DATA ON HIGH-TEMPERATURE ALLOYS 


This new edition of “Haynes Alloys for High- 
‘Temperature Service” summarizes all the available 
data on 10 super-alloys. Besides physical and me- 
chanical properties of two newly developed alloys 
— Haynes alloys Nos. 25 and 36— the booklet 
now includes additional data on all 10 alloys. 

There are tables and charts giving data on creep- 
rupture, stress-rupture, thermal expansion, stress- 
elongation, hardness, and impact properties, in 
addition to chemical composition and short-time 
tensile properties. The booklet also contains 


information on age-hardening and procedures 


HAYNES : 


for High-Temperature Service.” 


HANDY 
COUPON 


Haynes Stellite Division 
Union Carbide and Carbon Corporation 


“Haynes” is a trade-mark of Union Carbide and Carbon Corporation. 


for fabricating the wrought forms of the alloys. 

Every engineer and metallurgist who designs or 
specifies equipment for service at elevated tempera- 
tures should have a copy of this book. Design engi- 
neers, particularly, will find it a useful guide in the 
selection of alloys to meet the exacting require- 
ments of high-temperature service. 

Fill in the handy coupon below if you wish a copy 
of this useful book. If you have the old edition, be 
sure to replace it immediately, so that vou will have 
all the latest information available on the Haynes 


high-temperature alloys. 


Haynes Stellite Division, UCC, 725 S. Lindsay Street, Kokomo, Ind. 
Please send me, without obligation, a copy of “Haynes Alloys 


Chemical Engineering Progress February 1951 


This Previews 
Editi Editi 
on 
; 
| 
3 
| 
4 
ed 
| 


Engineers and procurement men in the 
process industries are like the proverbial 
Scotchman — they know a good “buy” 
when they see it. They know that with heat 
exchangers and other chemical processing 
units initial cost is only one of the factors 
in a buying decision. 


Vulcan heat exchange equipment is designed 


to meet specific process conditions ranging 
from liquid air to Dowtherm, high vacuum 
to high pressure. Long life through quality 
construction is emphasized to meet either 
the ASME or API — ASME Code. 


Assistance is given the customer in the 


THE VULCAN COPPER & SUPPLY CO. 
General Offices and Plant, CINCINNATI! 2, OHIO 


N PROCESS ENGINEERING COMPANY LTD. — MONTREAL 


| GOOD BUY IN | 
” | 
teed HEAT EXC HANGE 
js 
economic selection of shell and tube types 4 
to be fabricated either fixed bundle or J 
A removable bundle with floating or outside 
> packed head. A careful study is made on 
the details of design involving expansion 
multi-pass arrangements. The material 
used in construction may include stainless 
steel, carbon steel, nickel, copper, 
Hastelloy, Ampco, and Karbate, the work- 
4 


More than half of the Swenson Spray Dryers 
used in chemical processing are operating on materials 
which were unknown just six years ago! 


Swenson engineers, working with the only spray 
dryer laboratory of its kind in the world, are 
discovering how spray drying can be used 

' for an ever-widening variety of materials. 


They are showing how spray drying 
can eliminate the time and cost involved - > SEND FOR 
in other processing steps. BULLETIN 
If you have a process to which spray =~. yl D-105 
drying may be applicable, Swenson engi- ) : 

? neers will be glad to work with you. 


* Rey. U. 5. Pat. On 


; | SWENSON EVAPORATOR CO. 


DIVISION OF WHITING CORPORATION 
15690 Lathrop Avenue Harvey, Illinois 

j ; Eastern Sales Office and Export Department: 30 Church Street, New York 7, N.Y. 

in Canada: Whiting Corporation (Canada) Lid., 47-49 LePiante Ave., Torente 2 
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